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THE DETERMINATION OF THE EQUILIBRIUM IN 


THE HUMAN BODY 


BETWEEN ACIDS AND BASES WITH ESPECIAL REFERENCE 
TO ACIDOSIS AND NEPHROPATHIES.* 


By ANDREW WATSON SELLARDS, 


Assistant Resident Physician, The Johns Hopkins Hospital. 


OUTLINE. 


Maintenance of Normal Equilibrium: 
1. By food supply; 
2. By elimination 

lungs) ; 
3. By the formation of ammonia from protein. 

Maintenance of Equilibrium in Conditions of Acidosis: 

1. By utilization of the reserve supply of fixed bases of 
the tissues; 

2. By increased elimination; 

3. By the increased formation of ammonia, 

General Method for Detecting Disturbances of this Equi- 
librium by the Determination of the Tolerance of 
the Body to Bases: 

normal individuals; 


(especially from the kidneys and 


In 


. In acidosis; 

3. In unknown conditions. 

Summary: 
1. Behavior in diabetes; 
2. Interpretation of ammonia coefficient; 
3. Behavior in various nephropathies. 


i. 

9 

9 
> 


In order to meet the changing conditions of our environ- 
ment and to control the series of alterations which are con- 
tinually taking place within the body, we find that a normal 
equilibrium, in many instances, is maintained by means of 
balanced mechanisms. These mechanisms affect various sys- 
tems of the body and they involve both physical and chemical 


*From the Chemical Division of the Medical Clinic. 


reactions. Some of the better known examples are the heat 
regulating mechanism and the balance between water and 
salts to maintain a normal osmotic pressure. It will aiso be 
remembered that many diverse chemical processes taking 
place within the body are closely dependent upon a delicate 
adjustment of the reaction of their medium and it is found 
that the concentration of acids and bases in the body fluids 
remains comparatively constant in the presence of many 
normal and pathologic factors which tend to disturb this 
equilibrium. The compensation which is maintained is-suf- 
ficiently effective, except in extreme conditions, to prevent 
any pronounced change in the reaction of the body fluids even 
though extensive metabolic changes may be taking place 
within the body. Thus a very considerable increase in the 
acid end-products of metabolism may be accompanied by only 
titration for the 
The re- 


a slight change in the values obtained by 
acidity of the urine and the alkalinity of the blood. 
fore, other methods, in addition to the examination of the 
body fluids, must be used to detect the full extent of the 
changes which are taking place in the body and it is the pur- 
pose of this paper to consider such methods. 


GENERAL CONSIDERATIONS. 
Normal Equilibrivum.—Under normal conditions, upon a 
mixed diet, there is a continuous interchange in the body be- 
The food supply yields a limited 


tween acids and bases. 
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amount of bases, 


it the acid forming substances usually pre- 
dominate, the proteins yielding considerable acid on account 
of their content in sulphur and phosphorus. Two important 
methods suffice to compensate for the excess of acids over bases 
that ordinarily occurs in a mixed diet. The adjustment of 
the smaller variations appears to be very effectually controlled 
Dy the ki ley 5 either acid or base is promptly excreted, aceord- 
ing as one or the other is present 1n excess in the blood stream. 
Thus, although the reaction of the blood is constantly alka- 
line, the kidney in the formation of urine, is able to separate 
the acids from their combinations with the bases, excreting 
acid salts and retaining the bases, in part at least, in tlie 
blood. This function of the kidney apparently represents 
one of the important activities of this organ, but the exact 
process is but little understood. 

Ordinarily there is a constant excretion of moderate quan- 
tities of ammonium salts in the urine, and this is usually in- 
terpreted as indicating that a slight grade of acidosis exists 
even under normal conditions. One objection which has been 
advanced against this view is that traces of ammonia con- 
tinue to appear in the urine even though its reaction is kept 
constantly alkaline by the administration of carbonates. Fur- 
thermore the quantities of sodium bicarbonate which are 
required to reduce materially the normal output of ammonia 
are considerably in excess of the calculated values. An ex- 
amination of the data recently reported by Janney * illustrates 
this characteristic. Perhaps these two features may be ex- 


plained on a common basis. But whatever their explanation 


may be, the consensus of opinion is that practically all of 
the ammonia which appears normally in the urine has been 
intercepted in the course of urea formation for the neutraliza- 
tion of acids. 

Pathologic Conditions.—The means by which the body 
compensates for pathologic excesses of acid consist essentially 
in a quantitative increase in the normal processes of metabo- 
lism. The principal compensatory changes are as follows: 

[. Increased output in the urine of: 

1. Acid radicals, 
2. Fixed bases, and 
}. Ammonia nitrogen. 
[In severe grades of acidosis this results in: 
II. Decreased content of the blood in: 


1. Fixed bases, and 


[hese quantitative changes represent general non-spe 
alterations resulting from the increased accumulation of 
drogen ions. ‘Theoreti ally, such changes should oceur in any 
acidosis independently of the nature of the acid in question. 

Che qualitative changes, on the other hand, depend upon 
c factor and are represented, as a rule, by the 
appearance of a foreign acid; in starvation acidoses, these 
changes are absolutely qualitative since B-oxybutyrie and 
acetoacetic acid are not found under normal conditions. Like- 


wise, the appearance of acetone from the oxidation of these 


‘Janney: Ztschr. f. physiol. Chemie, Strassb., 1912, LXVII, 99. 





[No. 260 


acids constitutes a change which, for practical purposes, is 


essentially qualitative in character. 


Mernops OF GENERAL APPLICATION. 


These qualitative and quantitative changes constitute ev1- 
dence of the disturbance of equilibrium in the content of the 
body in acid and base. The behavior of acetone and aceto 
acetic and B-oxybutyrie acid has been studied with especial 
care in the starvation acidoses and the tests for these sub 
stances are particularly applicable for the detection of such 
conditions. However, in the development of the theory o1 
acidosis, it would seem desirable to possess a method whic 
would not be limited to any one acid, but would be of general 
application. 

A consideration of the quantitative changes occurring in 
acidosis shows that many of them would not afford a suitable 
basis for the development of a general method. The detection 
of the increased output of fixed bases in the urine is not pa 
ticularly feasible as a routine procedure. Moreover, the kid- 
aey is able to increase the excretion of acid radicals only to 
a very limited extent above the normal. Likewise the com- 
pensatory processes of the body are usually sufficient to pre- 
vent any striking diminution in the alkalinity of the blood. 

The carbon dioxide content of the blood may show extreme 
diminution, but apparently this change takes place only in 
the very advanced stages of acidosis. 

Without question, one of the most important sources of 
bases consists in the formation of ammonia from protein, and 
the increase in its excretion offers valuable evidence in the 
detection of acidosis. Theoretically, one would expect an in- 
crease in the production of the ammonium salts in any 
acidosis. However, in the interpretation of the ammonia 
metabolism there are two considerations which are of pri- 
mary importance. In the first place one would require to 
know the sensitiveness with which the body responds by an 
increase in ammonia production; for when the output is 
normal, one could exclude the possibility of the presence of 
an early stage of acidosis only if it were known that a slight 
increase in acid is accompanied by an increase in ammonia. 
On the other hand, in making a positive diagnosis on the 
basis of a high ammonia nitrogen, it is necessary to exclude 
a primary disturbance of protein metabolism resulting in an 
increased output of ammonia. Cases illustrating these con- 
ditions will be diseussed later. In general, it may be saic 

lat any signs indicating an hepatic lesion would complicate 
the interpretation of the ammonia metabolism. Even in 
diabetes the nitrogen partition in the urine does not always 
behave merely as a secondary disturbance of metabolism. 
Thus if the inerease in ammonia were a purely compensator) 
process, it should cease when a liberal supply of base is pro- 
vided. However, especially among advanced cases, instances 
not infrequently occur in which this increase continues in 


the presence of an abundance of carbonates.. Under certain 


* von Noorden considers that a primary disturbance of protein 
metabolism may occur in diabetes. His evidence is based on an 
increase in the output of purin nitrogen. 
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onditions, therefore, it may be difficult to determine whether 
an reased ammonia coefficient represents a purely com- 
tory process or whether it also involves a primary dis- 
turbance in the nitrogen metabolism. 
On theoretical grounds it would seem that the behavior of 
tl ody toward the fixed bases would supplement the con- 
us derived from the data concerning the production of 
mmonia. We have, therefore, two procedures which ap- 
tly would be applicable in any acidosis, namely, (1) 
the study of the ammonia excretion, and (2) the fate of the 
fixed bases upon introduction into the body. As regards the 
relationship between these methods, the features which present 
themselves more prominently for consideration are the rela- 
ensitiveness of these two procedures and the effect of 
various complicating factors upon the interpretation of the 
results which they yield. Accordingly, I have undertaken the 
study of the effect of the administration of bases with a view 


to the development of a method for determining the state of 
equilibrium in the body between acids and bases. This has 
been undertaken, not so much from a chemical or physico- 
chemical point of view, but rather by the use of methods 
which involve physiological reactions. 


Ordinarily, the body conserves its supply of base with con- 
siderable care. Thus in the lungs the carbon dioxide is 
liberated from the acid carbonates and is excreted as such; 
in the kidneys the acid radicals, which have been neutralized 
by bases, are again converted into acid salts. In both in- 
stances the bases, in part at least, are retained in the body. 
The method which was adopted to establish the normal con- 
ditions of equilibrium consisted in the determination of the 


juantity of base which it is necessary to introduce into the 
dy in order to bring about its excretion in the urine. Of the 
many procedures which might be suggested this one has af- 
orded a satisfactory basis for determining the point at which 
t] «ly contains an excess of bases. An increase beyond the 
iormal in the amount of base which the body can take up 
might represent, therefore, an increase in the production of 
acid. On the other hand, the spontaneous excretion of bases 
does not ordinarily occur in sufficient quantity to indicate a 
pathologic disturbance. 


DETERMINATION OF TOLERANCE TO Frxep BAsEs. 


idopting a routine for the determination of the be- 
vior of individuals toward bases under normal and patho- 
logic conditions, the following questions have been considered : 
oice of hase: 
Method of administration, and 
Collection and examination of urine specimens. 
selection of a suitable base one may consider either 
ivdroxides themselves or some of the substances which 
eadily give rise to hydroxy] ions upon solution in water, 
s the salts of the weak acids, espec lally carbonic acid. 
ricarbonate was chosen in preference to the normal 
rbonate, sesqui-carbonate, or the hydroxide, Although the 
rbonate may, perhaps, be more suitable in the therapy ol 


anced stages of acidosis, yet for diagnostic purposes, where 
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the acidosis may be slight in extent or absent, the bicarbonate 
seems preferable in order to avoid the caustic properties of the 
normal carbonate. One might even employ the neutral salts 
of the organic acids (e. g., sodium acetate) depending upon 
their oxidation to carbonates, but any involvement of the 
oxidative processes of the body would introduce complicating 
factors. 

As a general rule, except when large quantities were to be used, 
a 2 per cent solution of sodium bicarbonate was employed. ‘The 
following precautions were adopted in order to avoid too ex- 
tensive loss of carbon dioxide with conversion of the bicarbonate 
into the carbonate. Sterilization was carried on at a pressure 
of 10 lbs. for 30 minutes in an atmosphere of carbon dioxide. 
This was generated by placing a moderate quantity of sodium 
bicarbonate in the water supplying the autoclave. The steril- 
izer was always cooled to room temperature before opening. 
Ordinary cork stoppered bottles were used as containers for the 
2 per cent solution. It was found that these bottles could be 
fairly effectively closed during sterilization by tying the cork 
stoppers in place. The solutions were kept securely stoppered 
and were used not later than two or three days after steriliza- 
tion. Under these conditions sterilization could be readily 
effected without converting more than 5 to 10 per cent of the bi- 
carbonate into carbonate. This amount of change is not greater 
than occurs at ordinary temperatures when bicarbonate is dis- 
solved in water. Throughout this paper the term bicarbonate is 
used to apply to both the salt itself and its solutions, though in 
the latter a certain proportion of the bicarbonate gives rise to 
carbonate and hydroxy] ions. 

As regards the method of administration, it is desirable 
that the sodium bicarbonate may be given either by the mouth 
or by intravenous injection, in order that one may have a 
choice of procedure according to the individual case under 
consideration. Thus in some of the cardio-vascular conditions 
there are complications in which intravenous injections are 
not suitable. Also, instances may frequently occur in which 
intravenous injections are unnecessary, inasmuch as the in- 
cestion tests suffice to show that normal conditions exist. The 
principal disadvantage of ingestion of bicarbonate depends 
upon the question of assimilation. There would appear to be 
no reasonable doubt about the assimilation when small 
amounts are administered and when the «condition of th 
gastro-intestinal tract is normal. This, however, introduces 


can be 


rather important limitations in the quantities whicl 


employed. 
Injection methods are essential if large amounts are to be 
given or if conditions such as nausea, pyloric obstruction, or 


diarrhea exist. By inserting the injection needle directly 


into the vein without incising the skin, one can introduce com- 


paratively large quantities with a minimal amount of dis- 


comfort to the patient. 


In the examination of the urine I have used only very simple 


methods. Quantitative estimations of the amount of carbon- 
ates recovered in the urine were not attempted. The rather 
wide variation in the behavior of the urine toward the various 


indicators complicates the direct application ol titration 
methods for the determination of alkalinity, and it would seem 
that no suitable applications of the alkalimetric processes have 


been developed for the examination of urine. Only qualitative 
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tests have been emploved. With litmus as an indieator it was 
issumed that, if the urine is definitely acid, there can be no 
carbonate or bicarbonate present. One point, however, is 
essential, namely, that specimens which are only slightly acid 
sno e thnoro iahly hoiled, since the bicarbonate may be 


1 


excreted as such and it reacts less readily with litmus than 


normal carbonate. Thus, it frequently happens that a speci- 


men of urine which is neutral or slightly acid to litmus will 
ecome slightly alkaline on boiling. None of the conditions 
ave arisen in which a slightly alkaline urine becomes acid 
yn boiling except where ammoniacal fermentation has oc- 
curred The duration of the persistence of the alkaline 


reaction has also been noted. 

\n exact regulation of some of the minor conditions which 
affect the reaction of the urine was not attempted inasmuch 
as it seems preferable to establish a normal standard which 
at least would be beyond the influeace of such factors as the 
linary variations in diet and in water intake. Under cer- 
imstances the frequency of micturition might in- 
on. In some of the conditions which have 
been studied, particularly in uremia, it is impossible to obtain 
specimens of urine at any fixed intervals. The one pre- 
caution which was observed in pathologic conditions was to 
btain urine specimens, when possible, as often as every three 
or four hours and in all instances to avoid the accumulation 
in the bladder of excessively large amounts of urine. In a 
portion of the work a uniform period was adopted, specimens 
being collected every three hours. 

Vormal Individuals. 


e tolerance of normal individuals to intravenous 


The determinations which have been 
injection show that, at least under certain conditions, smal] 
amounts of sodium. bicarbonate will effect a change in the 
Thus, in eight cases, four individuals 
received quantities of 4144 to 5 grams and responded promptly 
with an alkaline urine. In four other cases, receiving smaller 


amounts, namely, 2 to 3 grams, the results varied: in two of 


l 


urine became alkaline, but in the other 


In order to extend these data an additional series of cases 
is eel tested with the purpose of determining the effi- 
ency of ingestion methods. In the selection of individuals, 
normal adult males were chosen. These men were living on 
in ordinary mixed diet and, for the most part, they were 
taki t little exercise. While this represents the standard 


conditions under which one would expect to carry out tests 


hologic cases, yet in the interpretation of data it would 
re satisfactory to know the maximum quantities of so- 
dium bicarbonate that would be just sufficient to bring about 


reaction of the urine under any conditions that 


could be regarded as essentially normal. Perhaps the highest 
quantities might be required in men who are performing heavy 


} } 1 


labor and taking an abundant meat diet. While we have no 


data for this class, still some evidence has been obtained which 


*Sellards: Philippine J. Se., B. Manila, 1910, V, 363; Sellards 
and Shaklee: Ibid., 1911, VI, 53. 
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has some bearing on the maximum values that might be ex- 
pected. Since under normal conditions certain individuals 
may excrete an alkaline urine, it has seemed sufficient for the 
present purposes to determine only the maximum values that 
may be required. 

The question of the proportion between the weight of the 
individual and the dosage of bicarbonate is not a simple one. 
If an increase in weight involved a proportional increase in 
each of the important constitutents of the body, more espe- 
cially the water, protein and fat, then calculations of dosage per 
kilo of body weight would be desirable. However, if the in- 
creased weight of an individual under consideration is due to 
an increase, for example, of fat alone, then the comparison of 
individuals might be more accurate than the regulation of the 
dosage in proportion to the body weight. Accordingly, in the 
absence of an exact basis on which to proceed, constant quan- 
tities of bicarbonate have been used and the weight of the 
individual has been recorded. 

The first group of cases in Table I gives the preliminary 
results, showing the effect of the ingestion of 5 grams of so- 
dium bicarbonate. Only those individuals were tested whose 
urine was distinctly acid to litmus. Specimens of urine were 
not collected at fixed intervals. In some instances several 
repetitions of the test were made in the same individual. 


TABLE I. 
SHOWING THE EFFECT OF THE INGESTION OF 5 GRAMS OF SODIUM 
BICARBONATE ON THE REACTION OF THE URINE IN NORMAL 
INDIVIDUALS. 














: | es jas as a- - = 4 ; 
2 | jessis2 2 (82 2 (88) s 884 | 3 
a|$ |aisest=2 3 |gz 2 (Esl 2 Sa) [S54 
a; 4 Slilgmuiee| fs <a ae -~ o| ed 
S| 88 |3ssas2 23 |32) 33 [$2] $3 32) 33 (888 
Be" je g* ee) g2 es) g2 es) g2 S85) 88 ges 
\ 80 Ac $y Alk. 3. «Ac. eer o| sess 4h 
2days Ac. 4% Amphot. 3 Amphot. 3 Ac. Ty 
Tdays Ac. | 2 Alk. | 7m Ac 2 
6 wks. Ac. 3 Alk. 6 Alk. 2 Ac. -" cane | 9 
Mt ssa 130} Ac. 2 Alk. 2 Ac. 4 Alk, Dy *Neut. 
S8days .. Ac. | 4 Ac. -} Ac. 2 Alk. I. Ac, 2 
i{days Ac. 2 Alk. 2 Alk. 3 Ac. ese 4 
25 days Ac. | 3 Alk. 3 Ac, 2 Amphot,. 3 Ac. 3 
Cc 130} Ac. 3 Alk, 3 Ac. _— ' ini 3 
Tdays Ac. | 3 Alk, 3 Ac. . aie : nk 3 
D 126} Ac. 2% Ac. 3 Amphot.| 34% $§.Neut. 2 *Neut. 9 


Bi ccs 150} Ac. 3% = ALk. 3 Alk. 2 Alk. 2 Ac. Shy 


F = 155} Ac. Alk. for 10 hrs. ane <— : ace 10 


*The succeeding specimen was acid. 


] 


In an additional group the ammonia coefficient was de- 
termined and the degree of acidity of the urine was estimated 
in order to insure the selection of some cases in which the 
acid metabolism approached the maximum values which occur 


under normal conditions. In this group the urine was col- 


lected, as far as possible, at intervals of three hours. 




















a 
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TABLE I—CONTINUED. 





2 

Character of Pas Reaction of Reactionof %& 

urine before ad- = urine after urine after & 

ministration of a bicarbonate. bicarbonate. = 
bicarbonate. 5) - 
:| 3 ; g 29 
| _ } _ - ; : + a go 
= ~ £ n> ae D D v2 a = 3 
= Ss 3 4 —# | = sen — 3 “2 
2|@lilais =3 2 : = > igs 
z e = 3 Sk = a = a 38 

Le xs) < n c) co o = = 
\ 180 | Ac 6.0 4.4% 5 Alk Alk 0 Ac Ac 6 
B 130 | Ac 3.7 4.1% 5 Alk. Ac. 0 ae osee } 
D 125 Ac. 3.0 3.8 5 Ac. Alk,. 0 Alk. Ac. 6 
I 155 Ac 1.2 5.9% 5 Ac. Alk. 0 Ac, ees 3 

G 135 Ac. 3.5 5.1% 5 § Very Ac. 0 Ac, Ac. 
faintly ac. 

G Ac 3.5 4.4% 5 Alk, Ac. v0 Ac. Ac. 3 
H 110 AC 3.6 4.4% 5 Alk. Ac. 0 Ac. Ac. 3 
I 40 | Ac. 2.8 4.0% 5 Ac. Ac 6 Alk. I8hrs. 18 
J 150 | Ac. 3.3 5.38 5 Ac. Ac. 5 Alk. Ac. 3 


* Per cent of N/1 solution (titrated with phenolphthalein). 

+ Six hours after the first administration. 

+ That is, after the first administration of bicarbonate. 

§ Well-marked precipitate of phosphates on boiling 
Repetition after 6-day interval. 


Certain minor differences were noted in regard to the man- 
ner in which the various cases reacted. In many instances 
the reaction changed suddenly from acid to alkaline and then 
returned promptly to a definitely acid reaction. In others the 
change was much slower, the reaction gradually becoming 
neutral or slightly alkaline, and then returning first to a 
faintly acid, and eventually to a distinctly acid reaction. In 
me insiance (Individual B) there was a distinct tendency, 
after the administration of bicarbonate, for the urine to fluc- 
tuate between a faintly acid and a faintly alkaline reaction. 
This case, however, constituted an exception, the rule being 
that the acid reaction would persist after it had once returned. 

\nother point which is of especial importance in connection 
with the testing of pathologic cases is the interval of time 
which is required for the bicarbonate to take effect. In the 
series of intravenous tests, which were referred to, the alka- 
line reaction frequently made its appearance at an early pe- 
riod, sometimes within one hour after injection. In the pre- 
eding ingestion tests an alkaline reaction often appeared after 
an interval of three hours. In subsequent work with cases 
which showed an increase in tolerance, it was considered 
permissible to repeat the bicarbonate after an interval of six 
iours and in some instances small doses were repeated at 
ntervals of three hours. This increases the danger of ex- 
ceeding the minimal quantity which might be required, but 
this can be partially controlled by observing the iength of time 
that the alkaline reaction persists. 

From the data in Table I it is seen that although the in- 
restion of 5 grams of sodium bicarbonate in one dose was not 
always sufficient to bring about an alkaline reaction of the 
urine, yet it usually produced a definite and readily appreci- 


able effect, the reaction changing, for instance, from a dis- 


inctly acid to a neutral or faintly acid reaction with pre- 


cipitation of phosphates on boiling. The two cases in which 
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no effect was produced were neurotic men who were taking 
limited amounts of fluid and were excreting small quantities 
of urine, the rate being as low as 25ce. for periods of three 
hours. After an interval of six hours the 5 gram quantity was 
repeated and both individuals responded promptly with an 
alkaline urine. 

After considering the preceding data it seemed desirable to 
determine whether or not one might find any individuals who 
would fail to excrete bicarbonate in the urine after the in- 
gestion of 10 grams at one dose. This amount is so much in 
excess of the quantity which is required in the majority of 
instances that it would seem best to select individuals who 
would probably require larger amounts than are ordinarily 
necessary. Instead of looking for cases in which the acid 
metabolism had spontaneously reached the upper limits of 
normal, it seemed feasible to produce a slight increase in the 
normal degree of acidosis. The data in the following outline 
are compiled from subsequent tables showing the behavior of 
individuals toward 10 grams of sodium bicarbonate after two 
days of carbohydrate free diet. 

INGESTION OF 10 GRAMS OF SODIUM BICARBONATE AFTER Two Days 
oF CARBOHYDRATE FREE DIET, 


Total B-oxybu » 

: “tec the 
Reaction | acetone tyric acid| yon Nn ~ 
of urine. grams grams the urine 

per day). perday). - . 


Ac. 0.692 2.374 Amphot, 9 hrs 
Ac. 0.282 0.184 Amphot, 3 hrs. 
Ac. 0.621 1.111 Neut. 3 hrs. 


In all of these cases a distinct effect was produced upon 
the reaction of the urine. It would seem a little unexpected 
if spontaneous fluctuations in diet could produce as much 
change as that resulting from two days of carbohydrate free 


diet. 


TOLERANCE TO Soptum BICARBONATE IN ACIDOSIS. 

The next step which was undertaken was the study of the 
behavior of the body in a state of acidosis to the intreduction 
of sodium bicarbonate. In order to compare this behavior 
with the usual signs of acidosis it seemed desirable to work 
with acidoses produced artificially rather than those occurring 
spontaneously. For purposes of study the production of an 
artificial acidosis possesses several advantages. The exact 
cause of the acidosis and the degree to which it extends is 
under control. Furthermore, before the production of the 
acidosis, one can determine the normal condition of the indi- 
vidual under consideration. 

It might appear a priort that the introduction of bicar- 
bonate into the body would serve for the detection of acidosis 
only in comparatively advanced conditions. In considering 
the degree of delicacy which one might expect from such a 
procedure it may be well to consider the usual course of events 
in an acidosis. It is generally accepted that, even in the ter- 
minal stages of diabetic acidosis, no free acid exists in the fluids 
of the body which are in general circulation, 1. e., the acid 
produced in the tissues has not only been neutralized, but, 
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it least, a s t excess of base predominates and the blood 
retains an alkaline reaction. Consequently, upon the intro- 


e body, the hydroxyl ions do not meet 


“ free hydrogen ions and instead of neutralizing acids im- 
meciate the bases are taken up by the tissues in order to 
repla those which have been previously removed by acid. 

It w d seem, therefore, that the delicacy of the method 
in que n would depend essentially, in the first place, upon 
the promptness with which the tissues give up their fixed 


; ] } ] . } 
ises when the acid metabolism increases, and secondly upon 


their capacity for binding sodium bicarbonate when it is pre- 
sented to them. One important question which suggests it- 
self is whether the introduction of comparatively large 
imounts of bicarbonate, either directly into the blood stream 
or through the alimentary tract, might not result in a tem- 
porary overwhelming of the kidney with bicarbonate, result- 
i] n its excretion in the urine before the tissues could make 
dai I ney which they might have suffered. 


Routin For the production of acidosis, carbohydrate 
starvation was used as the principal method, though some pre- 
nary tests were carried out in which mineral acid was 
introduced into the body without any alteration in the diet. 


Che signs of acidosis which were observed in the starvation 
l Titration of the degree of acidity of the urine by Folin’s * 


2. Estimation of the total acetone and the B-oxybutyric 
acid Shatfer’s” method. (The total acetone includes both 
the preformed acetone and the acetoacetie acid.) 
Determination of the ammonia coefficient. 


{ 


ation of the tolerance to sodium bicarbonate. 


Analyses of the blood for alkalinity or carbon dioxide con- 


tent were not made, inasmuch as no well-developed grades of 
) 
} ~ WW ¢ rT ( ceed 
es sts were first carried out while the individual was 
na l ced el Then a carbohydrate free diet 
Was maintained, usually for a period of two days, and on the 
third day the tests were repeated, the carbohydrate free diet 


being maintained until the completion of the tests. Ordi- 


nari!y the determination of the tolerance to sodium bicar- 
bonat 1 not occupy an entire dav. In Table IT the figures 
aa n parenthesis for the final day of each test represent 
the calculated values for a 24-hour period; these calculations 
ire based on the data obtained for the fraction of the 24 hours 

¢ which the observations were made. On account of the 
necessity of introducing this calculation, the quantities per 
ter have been recorded as well as the quantities per day. 


\fter a few determinations it was found that the response 





to the carbohydrate free diet, in most instances, was not suf- 
ficiently great to effect an increase in the ammonia coefficient. 
| venel ehavior of the ammonia coet nt is recorded in 
st two cases in Table LI (A and In the majority 
r of the cases the degree of acidosis did not 


Folin Am. J. Physiol., Bost., 1903, LX, 265. 


Shaffe1 J. Biol. Chem., Balt., 1908, V, 211 


appear to be sufficient to warrant the determination of the 


ammonia nitrogen. The titration of the degree of acidit 
of the urine did not show significant changes except in one 


instance, where the acidity was unusually low at the beginning 


of the period of earbohvdrate free diet. These data were not 
of suflicient interest to be included in the tables. 

In all instances the sodium bicarbonate was given by in 
gestion. One important point on which information was di 
sired was the manner of estimating the dosage of bicarbonate 
in unknown conditions. In those cases in which there is no 
guide concerning the quantity which will be required, the 
most feasible procedure consists in starting with an amount 
which can be readily borne by a normal individual. Th 
quantity may then be repeated or even increased according 
to the behavior of the individual in question. The behavior 
of t 
guide in determining the interval of time at which a repeti- 


ie normal individuals recorded in ‘Table L was taken as a 


tion should be made. The maximum interval which has been 
used in the ingestion tests is six hours. In some instances 
an interval of three hours has been used and this seems to in- 
volve comparatively little danger in overstepping the amount 
of bicarbonate which is required. 

In addition to the carbohydrate starvation cases, some pre- 
tlminary observations were made on the effect of the ingestion 
of mineral acids. In two cases dilute hydrochlorie acid was 
used in quantities of 2 cc. three times per day for four and 


{ 


five days. The absolute quantities for the total period were 


TABLE II. 
SHOWING THE TOLERANCE TO SopruM BICARBONATE AFTER ONE TO 
TuREE “Days OF CARBOHYDRATE FREE DIET, TESTED By TII 


INGESTION OF 5 GRAMS OF SopiuM BICARBONATE EVERY SIX 











Hours. 
4 Total 8-oxybutyric Tolerance to 
at a acetone acid sodium 
= = grams). grams). bicarbonate. 
2 Diet. = 
= ° 8 n 
, aE BS .Per Per Per Per | g Effect on 
=  & < liter. day. liter. day. |o urine. 
A/l Mixed. 2.7 0.010 0.015 0.057) 0.084 
2 Do. 2.2 0.010) 0.014 0.067) 0.008 65 | Alk.6 hrs. 
3 Do. 2.5 0.012; 0.010 0.110 0.090... 
t Do, 3.1 0.017) 0.0156 0.081) 0.073 
5 Carbohydrate 3.3 0.144 0.106 0.139 0.103 
free. 
6 Do. *1.9 0.329 (0.230) 0.249) (0.174) 10 Alk, 3 hrs. 
D1 Mixed a ree po ee 2 eo 
? Do. 3.8 0.010 0.011 0.053) 0.062 , ain - 
3 Carbohydrate 2.7 0.018 0.027 0.086) 0.127 
tree. 
4 Do. 2.4 0.230 0.161 0.381, 0.267 
5 Do. *1.9 0.758) 0.856 1.705) 1.927 25 Alk.6hrs. 
G1 Mixed. nd ad = aie Seis 5 Faintly ac. 
2 | Carbohydrate .... 0.027) 0.054 0.00 0.00 ° 
free. 
3 Do. weve 0.031 0.086 0.080 0.092 
t Do. ..e- 0.028 (0.049) 0.054; (0.094) 15 Alk. 6 hrs. 
H 1 Mixed. Se ee — nen 5 Alk. 12 hrs. 
2 Carbohydrate .... 0.032 0.035 0.035) 0.038 . 
free. 
3 Do .--. | 0.083; 0.079 0.130; 0.123... 7 2hr 
aaa ns , { Neut. 3 hrs. 
4 Do. eeee | 0.188) (0.268) 0.142) (0.200) 5 |} Alk. 3 hrs. 
K | 1 Mixed. eee , hak sabes 5 Alk.3 hrs. 
2 Carbohydrate .... 0.023 0.040 0.042, 0.074 .. 
free. 
3 Do, --+» 0.045 0.074 0.071) 0.116... . - 
, ome - ° : \ Alk. 9 hrs. 
4 Do, -ees | 0.160) 0.272 0.170} 0.2890 20 |} Amphot. 3 hrs 


* During the administration of bicarbonate. 
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TABLE II-—ConrINveED. 


Spowrne TOLERANCE TO SopruM BICARBONATE ON THE THIRD Day 
oF CARBOHYDRATE FREE DIET. 


[INGESTION OF 10 GRAMS SODIUM BICARBONATE IN ONE 


QUANTITY. 
Total B-oxybutyric ,,, : ; 
acetone acid rolerance to sodium 
- (grams). grams). bicarbonate. 
= Diet. = 
=| Per Per Per Per z _—— . 
= liter. day. liter. day, 5 Effect on urine. 
F Mixed, eens Greer f seenee sae Alk. 12 hrs. 
Carbohydrate | 0.011 0.010 0.036 0.032 
Lree. 
3 Do. 0.015 0.025 0.038 0.065 , 
f Do. 0.322 (0.692) 1.104 (2.374); 10 |Amphot. 9 hrs. 
H ] Meee: | sasacl sesse | acucel seene 5 | Alk. 3 hrs. 
Carbohydrate 0.032 0.085 0.085 0.0338 
tree, 
Do. 0.083 0.079 6.130 0.123 . 
Do. 0.188 (0.282) 0.142 (0.184)) 10 |Amphot. 3 hrs. 
ee | sesenl “cones ') ocuse — 5 |Alk. 3 hrs. 
CarbohyJrate 0.363 0.264 0.634 0.444 
tree. 
} Do. 0.298 0.620 0.363 0.755 ee 
‘ Do. 0.414} (0.621) 0.741) (1.111) 10 | Neut. 3 hrs. 


INGESTION OF 6 GRAMS SODIUM BICARBONATE EVERY 3 HRS. 


Pe. | canesl oanen:) emekal .seuee *10 Alk. 18 hrs. 
Carbohydrate 0.054) 0.054 0.073 0.073) .. 
free 
Do. 0.077, 0.069 0.240 0.216 ; 
$ Do. 0.255) (0.255) 0.315) (0.313)| 10 | Very faintly ac. 6 hrs. 
Mixed cece] eccee | acces ..-. |*10 |Alk.3 hrs. 
Carbohydrate 0.048 0.082 0.087 0.148 . 
tree, 
3 Do, 0.064) 0.109 0.139) 0.236 .. 
t Do. 0.170 (0.289) 0.267) (0.437) 15 | Very faintly ac. 6 nrs. 





* Two quantities of 5 grams at intervals of 6 hours. 


2.8 and 2.2 grams. As will be seen in the accompanying out- 
line, the rise in tolerance to sodium bicarbonate was perhaps 
even slightly greater than could be accounted for by the bases 
hich this amount of acid could withdraw, 2.8 grams hydro- 

lorie acid corresponding to 614 grams, and 2.2 grams to 5 
rrams of sodium bicarbonate. In the third case about half 
if this quantity of acid was used and, as would be expected 


oretieally, no rise in tolerance occurred. 


TABLE III. 


SHOWING THE TOLERANCE TO SopIUM BICARBONATE AFTER THE 
INGESTION OF HYDROCHLORIC ACID. 


Tolerance to sodium 
bicarbonate.t 
Ingestion of 
hydrochloric acid. 





- n 
rs os = Effect on reaction 
fn S o of urine. 

1 1.4 5.9 None, 5 Alk. 6 hrs, 

7 2.3 5.8 2.8 grams in 5 days. +15 Reaction reduced to 

slightly acid for 3 hrs. 

M l 1.5 5.0 None. 5 Alk. 3 hrs. 

6 2.6 5.4 2.2 grams in 4 days. 115 Alk. 3 hrs. 

l . dine None, 5 Alk. 3 hrs 

6 = —_ 1.2 grams in 4 days. 10 Alk, 15 hrs. 


* Per cent N/1 solution (titrated against phenolphthalein). 

Second test was made 15 hours after the last administrationof hydro- 
hloric acid, 

10 grams at the first dose and 5 grams 6 hours later. 
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This series was not extended any further inasmuch as the 
ingestion of hvdrochlorik acid is not very well borne and these 
controls are not altogether essential. 

The data for the tolerance tests in Table II would, in many 


instances, | 


e without significance except for the fact that the 
normal, for the individual under consideration, had been de- 
termined only a few days before. Under these circumstances 
the conclusion would seem to be justified that the tolerance to 
sodium bicarbonate begins to rise very early in the course of 
an acidosis. This would indicate that an increased produc- 
tion of acid was met in part by the fixed bases of the tissues 
and not wholly by an interception of ammonia and by the 
excretion of acid salts. Observations which are related to 
these data have been made upon the ammonia excretion and 
the acidity of the urine after the ingestion of food containing 
an excess of acid forming elements. After the ingestion of 
the equivalent of as much as 32.7 cc. normal acid per day, 
Sherman and Gettler” found that the increase in the output 
of ammonia and acid salts in the urine was sufficient to 


account for only about three-fourths of the ingested acid. 


However, they do not attribute the neutralization of the re- 
mainder to the fixed bases. 

Of the three procedures used in Table II for the adminis- 
tration of the bicarbonate, it would seem that the ingestion of 
5 grams every six hours constituted the most delicate test. A 
further control for this manner of administration might have 
been carried out, repeating the quantities of 5 grams every 
six hours on normal individuals. However, where the indi- 
vidual reacts to the first ingestion of 5 grams, it would seem 
superfluous to repeat this after six hours. 

Naturally there is no mathematical proportion between the 
tolerance to sodium bicarbonate and these small quantities of 
acetone and oxybutyric acid which were obtained after two or 
three days of carbohydrate starvation. However, in the spon- 
taneous acidoses of high grade which occur in diabetes, it 
would appear that, in general, when the quantities of p- 
oxybutyric acid are high, the body will take up proportionally 
large amounts of carbonates. The exact relationship of these 
two factors does not appear to have been studied closely, but 
apparently there are no exceptions to the general parallelism. 

The tolerance tests are certainly not as simple as the de- 
termination of acetone for the detection of slight grades of 
acidosis in well-known conditions, such as starvation. Their 
advantage would appear to lie in the possibility of their appli- 
cation in some of the clinical conditions in which acidosis 1s 
suspected but in which definite evidence is lacking. 

An opportunity does not ordinarily present itself for the 
determination of the order in which the various signs of 
acidosis appear. A general classification can be made, how- 
ever, by observing the signs which are found in various stages 
of acidosis. 

Among the earliest signs of starvation are the appearance 
of acetone and an increase in the acidity of the urine. 

This is followed very closely by the appearance of aceto- 
acetic and B-oxybutric acid and, presumably, by the neu- 


Sherman and Gettler: J. Biol. Chem., Balt., 1912, XJ, 323 
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tralization and excretion of the fixed bases and a rise in the 


tolerance to bases. 


[The exact position of the ammonia coefficient is a little 


hard to determine. While its increase may begin rather early, 
nevertheless, it does not reach a point which is definitely 
ibnormal until the preceding signs are fairly well marked. 
[he most prominent of the later changes are the diminished 
ilkkalinity of the blood as determined bv titration, its de- 
creased carbon dioxide content and the development of air 
Pathologie Conditions.—In the selection of pathologie ma- 
those conditions were chosen in which an 
widosis, due to other than B-oxybutyriec acid, may be sus- 
pected. Especial attention was given to some of the different 
types of nephropathies. Diabetic cases of a certain type were 
also studied. It will be remembered that Naunyn has em- 
phasized the possibility of the occurrence of other acids in 
B-oxybutyric in diabetes. We have sought for 
evidence by applying the tests for tolerance to sodium 
bicarbonate in suitable cases. 
One case representing an obscure toxemia of pregnancy is 
ussed, since it illustrates certain theoretical con- 


s( 
siderations in connection with acidosis. 


iabetes.—In looking for evidence of acids which do not 
commonly oeeur in diabetes, patients were selected in whom 
the urine did not show acetone and acetoacetic acid. Three 
were studied who were excreting sugar freely when on a 
mixed diet and two others who showed an intermittent gly- 
The general results are shown in Table IV. 


Cf suria. 


TABLE IV. 


SHOWING THE BEHAVIOR OF THE EARLIER STAGES OF DIABETES 
TowarpD Soprum BICARBONATE. 











32 > 1 a aol ~ R 
3 | ~ Z : 3 = 2 =| rolerance to sodium 
25 3 : — x 
23 = oon <= 3 3 = £ bicarbonate. 
= >> uJ ajc + 
OM kh” Z. =| & On |e —| 2 
= x . : “2 =A 
ws ~ ~ Elo m 3 3'5 2 
~©@ = ~ oe) a ~~ @~ is = 
eit. | ew o/s #5 35/9 = 
27s gh ls a) Be 28/685. . 
‘i lesa = —“si\ai|sa|@e |“ein? S 
~ — ov & = ae = 7 oe 2 Ss o— 2 
Z| oU) 3s 29/ ¢ = mE yk 2c wn be 
o| Migak) > se 8/| ath | “BE lef ae | 3 
@ oo west = SS Bieta Cwm aw we 3 2 
Siz i Pa ak6bedass ~ oe = on 
~i - DQ = 01 ° a) a > LR éo o>) 


1 | 130 35 175 5.3 5.6; 0.011) 0.014 150 0 40in30 hrs. Alk. 9 hrs, 
2 | 4110) (* *) 3.0 2.6) 0.023) 0.061 170 0 WinWhrs.t Alk. 12 hrs, 


3.6 56.8 0.086) 0.259 200 26 Win onein- Alk. 9 hrs, 
jection 

4 145 25 100 6.3 6.4, 0.010) 0.083 (§) 25 30in12hrs.¢ | Faintly ac. 
3 hrs, 


* Intermittent glycosuria. 
t By ingestion 5 grams every 6 brs. 


+ By ingestion 10 grams every 6 hrs. 
§ Mixed diet. 


In addition to the cases in Table LV, a fifth patient, show- 


ing intermittent veosuria, was tested at a time when the 


} 
| 


urine was free from acetone and su; The ingestion of 10 





of sodium bicarbonate in one quantity brought about 


an alkaline reaction of the urine which persisted for 15 


Of the four cases in the preceding table it is seen that none 


} 


of them exhibited definite signs of acidosis as tested by the 


7 
| 
| 
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ordinary methods. In regard to the tolerance for sodium }i- 
carbonate the third case showed no definite increase. The 
conditions under which the second case was tested suggest 


] 


at least a slight increase above the normal, but this case was 
complicated by a heart lesion of sufficient extent to contra 
indicate any intravenous work. ‘The first and fourth cases 
afford proof of a distinct increase. Subsequent examinations 
were carried out in order to determine whether the results 
would be consistent on repetition. The results were as fol- 
lows: 

The second patient after an interval of 18 days was given 


5 grams of sodium bicarbonate by mouth every 2 hours. 


Twenty-five grams were required to bring about an alkaline 
reaction of the urine. 

In the third patient, after an interval of 10 days, the in- 
gestion of 10 grams of sodium bicarbonate in one quantity 
brought about an alkaline reaction of the urine which pe 
sisted for 6 hours. After another erval of 10 days, 5 
grams of sodium bicarbonate was gives by mouth every three 
hours. After the administration of 10 grams the urine be- 
came faintly alkaline for 3 hours. 

In the 
first patient several repetitions were made by intravenous in- 


The test was not repeated in the fourth patient. 


jections. The results are shown in the following outline. 


REPETITIONS OF THE INTRAVENOUS INJECTIONS OF BICARBONATE IN 
CASE I, 


Tolerance to sodium 


Interval Total acetone 8-oxybutyric bicarbonate. 
between a (grams acid (grams 
tests. per day). per day). — Effect on 
yrams. urine. 
5.6 0.011 0.014 40in30hrs. Alk. 9 hrs. 
8 days 6.0 0.010 0.050 40in30hrs. Alk. 8 hrs. 
5 days 5.7 0.018 0.041 30ini8hrs. Alk.7 hrs. 


These data show that the results in Table TV, as far as they 
The behavior 

These 
3 


two patients had noticed symptoms over a period of several 


have been tested, were consistent on repetition. 


of the first and fourth cases was rather unexpected. 


vears; it might be supposed that their abnormal reaction 
toward sodium bicarbonate had required a relatively long 
period for its development and that perhaps this condition 
would return only after a long interval. 


line, however, shows that, at least in the first case, a few days 


The preceding out- 


were sufficient to permit its return. 
\ comparison of these two cases (Nos. 1 and 4) showing an 


increase in tolerance with the one (No. 3) whose tolerance is 


normal is somewhat instructive. Here we have three men, 


in a similar stage of diabetes. None of them represents the 


adipose tvpe of the disease. All excrete sugar freely brt be- 


come sugar free when the carbohydrate intake is moderately 


reduced. No definite signs of acidosis are present, the ex- 





f acetone being normal, and the ammonia not being 


eretion « 


significantly increased. Yet, their behavior toward sodium 


bicarbonate is radically different. The only indication of this 
difference consists in the subjective symptoms of which these 


men complained. The two who showed a well-marked in- 
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er n tolerance toward bicarbonate had developed svmp- 
toms referable to the nervous system. The first one came to 
the spital asking for treatment for symptoms of ataxia, 
ind the other for symptoms indicating an early multiple 

ritis. ‘The third case showed no signs of any involvement 
of ihe nervous system and complained primarily of the usual 


toms referable to starvation and glycosuria, but he also 

if pains in the legs and muscles. 
he course of a year only two cases of this first type have 
‘bserved. It will prove of more interest and importance 
s condition is fairly common, rather than if it Is an 
nusual occurrence. In considering its explanation it is 


! rtant to note that no signs of nephritis were present. 
Ot vise one might think of the possibility of the retention 


0 arbonate on account of defective kidney function. If 
one assumes that some unknown acid is responsible for this 
whavior, then it would seem that the disproportion is rather 
etween the production of ammonia and the behavior 


| the bicarbonate. 


Certain other considerations arise which are of theoretical 


interest. The data in Table I indicate that under normal con- 
ditions the body contains almost the maximum amount of 
ixed bases which it is capable of assimilating, 7. e., even when 


small amounts are presented to it by injection, or by way of 
ilimentary tract fixed bases promptly appear in the 
urine. One may inquire, therefore, as to the total quantity 
of the reserve supply of fixed bases which the body possesses 
and the extent to which this supply may be depleted before 
symptoms appear. It is certain that well-marked degrees of 
acidosis frequently develop without the appearance of defi- 
nite subjective symptoms. Nevertheless, the replacement of 
these bases is such a simple matter that it would seem to be a 
desirable step. In the two patients under consideration it 
would seem that a deficiency of bases existed, in moderate 
degree, and under conditions in which it would not be de- 
tected by the tests on which one ordinarily relies. 
wemia of Pregnancy.—The tolerance exhibited by the 
es of diabetes is of especial interest when compared with 
the results obtained in an obscure toxemia of pregnancy. 
The essential features were as follows: 
In the third month of pregnancy, pernicious vomiting de- 
veloped. The ammonia coefficient was high, varying usually 
30 to 35 per cent and these values persisted notwith- 
standing the introduction of glucose by rectum. A _ hyster- 


otomy was performed promptly, but without any permanent 


improvement in the general condition of the patient. On 
the day following the operation the ammonia coefficient fell 
mm 34.5 per cent to 22.1 per cent, but rose rapidly, eventu- 

reaching 40 per cent. Little food was retained by mouth, 


\ definite Romberg sign was not present and the Wassermann 


and luetin reactions were negative. 


[ take pleasure in acknowledging the kindness of Dr. J. W. 
Williams for the privilege of following this case which occurred 
n the obstetrical service of this hospital. I am also indebted 
to his staff for many favors and especially for the data on the 


ammonia metabolism. 
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but quantities of 75 to 100 grams of glucose per day were 
given by rectum and the absorption was apparently good. 
Qualitative tests showed the presence of acetone in the urine, 
The tolerance to sodium bicarbonate was tested and quantita- 
tive estimations were made of the total acetone and B-oxybuty- 
ric acid, in order to obtain evidence of the extent of any 
starvation acidosis which might be present. These tests were 


made one week after operation. The results were as follows: 


INTRAVENOUS INJECTION OF 6 GRAMS OF SopIUM BICARBONATE. 


Total 





interval | Aciatty | mmonial acetone |*cu7tutrric —  Eiect one 
tests. urine.* |Coeticient oan Manes 4, per liter).t urine. 
2.5 32.2 0.248 0.021 Alk. or neut. 42 hrs. 
2 weeks 2.0 WB | —§ cecse eccce Alk. 6 hrs. 
l day 1.5 31.9 0.095 0.162 Alk. or neut. 42 hrs. 


* Per cent of norma! solution. 

+t The absolute values are not available on account of some incontinence, 
There was a free excretion of urine however; the daily quantities averaged 
about I‘, to2 liters. The absolute quantities of ammonia were not greatly 
increased, the values varying from 0.6 to 1.4 grams per liter. 


The values for B-oxvbutvric acid fall within the normal 
limits of Shaffer's method. The increase in the ammonia 
coefficient is many times greater than could be accounted for 
by the slight increase in acetone. -The tolerance to sodium 
bicarbonate is normal. This is in marked contrast to the dia- 
betic patients who showed a normal amount of acetone and no 
significant increase in ammonia, but a high tolerance to so- 
dium bicarbonate. 

There are two factors which might have a bearing on this 
seeming paradox. In the diabetic cases one must consider the 
possibility of the occurrence of an unknown acid which had 
withdrawn fixed bases from the body. 

The most plausible explanation of the data obtained in the 
toxzmic case is that the condition was not a starvation acido- 


sis, but was essentially a primary disturbance of protein 


metabolism. Theoretically, therefore, the tolerance to sodium 
bicarbonate in this case would not be increased even though 
acetone, acetoacetate and B-oxybutyrate were being excreted 
freely, since the increase in ammonia production was pro- 
portionally much greater than the quantities of acid which 
were produced. The essential feature which this case illus- 
trates is that an increase in the excretion of ammonia and of 
acetone and its related bodies does not necessarily indicate a 
disturbance in the equilibrium between acids and bases and it 
is not always accompanied by a rise in tolerance to sodium 
bicarbonate. 

Vephropathies—The study of renal diseases in connection 
with acidosis is of interest from two standpoints. In the first 
place one must consider whether any of the various nephro- 
pathies may interfere with the excretion of substances by 
which acidosis is ordinarily recognized, and whether in the 
use of sodium bicarbonate one might find retention of this 
salt on account of disturbance of the kidney function. On 
the other hand, the conception has frequently een advanced 
that nephritis and especially uremia may be essentially an 


acidosis. Various findings have been noted which lend more 
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t to this view Many observers report a 1 
ilinity of the blood. B-oxybutrie and other 
1( $ 1Vé een fo ind in the urine Rec nt] strau 
Sechla ve reported a diminution in the carbon di 
( ntent yf ( ilveolar all Senator iw heen especia 
iI Pa se who a Md emphasis n he pos- 
n betw T sis and uremia von Noorden, 
‘ ers it, although a slight grade of acidosis 
( sent iremia, it represents merely an effect and 
I ‘ ! eause of the condition Che consensus 
! S ivgreement wit Is ter ew 
I tne iy 1 I sodiun carbonate tests, In ne 
enc esions, the first step evidently consisted 
ition of whether ar f the various nephro- 
) e d in an abnormal manner toward the intro 
Lu sodiur icarbonate i the bo 
ea . of a routine for the examination of kidne 
( eemed especla mportant to carry it the ordinar 
t eter n icidosis. For s purpose I have 
( d a ipon the ammonia coefficient and the 
eterminati of acetone and oxybutrie acid These two 
minations seemed necessary in order to co1 r 
( starvation acidosis and also on ac¢ the 
cas rence of these s stances 1 uremia 


} 


dio-renal conditions 


\ ] \ nt +} i? ] +} rel lac} : 2a) 
eX d, except those in which the cardiae lesion was well 
1 4 P P o 2 y 1] 
ens Ul e question of a stasis kidney could be 
, 
EA most part fa simple cases were se- 
\ ( respol don eo ess cdlefinitelv to certain 
’ 
gel I S ( enai lesions l eV e contusion 
W ‘ sts I tiie trans | I ( ‘ eas » The 
i — ] (7 Pr 
Ss reg @ renal Seas ~ een di ( O 
yc = mit G I< exXal ‘ ere s con- 
Ss nce? T < ») Wie fers i nepi- 
3 is I L cess al this reason the 
I g u ne} a Ss been used In this 
| + 
| mar e cases whl we studied ere was 
¢ f Tus nvolvement } kidy | . 
1 inv ent ¢ e kidne os 1 
W SIS US Y ner 5 Ss predaor! LLet ire Ciassl 
I arel ma Ss group W e the arterioscleroti 
I I icted K n ~ ire ba nae tine 
+ ) ] 
S1OT I ( nters il disease 
| ~) Ss e given ll l'a re \ 
s ~ t data ire necessa concerning ‘ 
I ises In the preceding tablet 
Case N l ie! s before this 1nj on this tient 
' 
I ns of | grams ea S ! ir- 
‘ 2 WK cent so tion wit in nite l S urs 
1 
ell ns Ihe rit emained a his re- 
t y ’ } ’ ’ Y y ? a? Ba ya) 
s \ ive been co sive of a east tolerance 


The wt r is indebted to Dr. Rowntree and Dr. Fitz of this 
university for their kindness in supplying these data from their 
s lies in renal function 
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TABLE V. 


Sopium BICARBONATE ON 
IN VARIOUS NEPHROPATHIES., 


EFFECT OF 


o 
a 
= 


output, 


Administration Reaction 





= Type of — of sodium bi- of urine to a 
=| nephropathy. carbonate. litmus. 3 
bo 2 
= 7 
- ~ 
= ey 

Intravenous 

niection, 

175 Chr. interstitial... 3.6 0.016 0.02616 gms. in 8 hrs, Ac...... 
135 Chr. ditfuse 0. 07°0.00840 gms, in24 hrs, Ac. ee 
170Acute nephritis 2.0 0.026 0.010 130gms.in66 hrs, Ac........... 





with urzema. 

165Acute exacerba- 2.4 0.012 0.07610 gems. in 
tionsot chr. par injection. 
enchymatous, 


140 Chr. parenchyma- 6.4 0.020 0.05610 gms. in ¢ 





tous, injection, 
190Chr. diffuse ne- 4.4 0.023 0.05260 ems. in 24hrs. Ac..... Trace. Trace 
phritis with 
urve mia. 
155 2.4 0.02] 0.02220 gms. in2Qhrs.1 alk. speci 
men. 
Ingestion tests. 
130 Chr. diffuse 0.015 0.055°10 ems. in 6 brs, Alk.4 hrs. 30 & 
190 Chr. diffuse. 11.2 0.054 0.045°30gms.in I5hrs. Ac..... o6e ) 
146 Chr. ditfuse 1.7 0.018 0.030°30a@ms.in 15 hrs, Ac........- in ) 
1226Chr. nephritis 6.4 0.006 0.030°30g~ms.in 15 hrs, Ac......... 17% 40-4 
with diabetes. 
100 Chr. diffuse 40 e¢ms.in 42 hrs. Alk. 3 hrs. rrace. 10% 
165 Chr. parenchyma Sums Alk.6 hrs. 17% ; 
tous, 
145 Chr. parenchyma 10 gms Alk. 6 hrs. 23 & £5 
tous, 


\ total of 60 per cent in 3 hrs. ) grams every 6 hours. 
*“Ammoniacal fermentation in lower ul By intravenous injection. 
nary tract. 5 grams every 3 hrs. 
After heating. \ total of 30 per cent in 3 hrs. 
*A total of 10 per cent in 4 hrs. A total of 30 per cent in 2 hrs, 
Albuminuria in acute rheumatic fever. 








excep e existence of a slight acetonuria arising from a 
very restricted milk diet. The urine on the day preceding 
1}¢ on al ot give the qua itive tests tor acetone. On 
the day of the injection the sodium nitroprussid color re- 
action was suggestive, but the ferric chloride test for aceto- 
welic a vas negative. Carbohydrates were supplied freely 
ng th erval between first and second injections. 
The so carbonate was used in 2 per cent solution, 
500 ce, eing introduced at one time. ‘The blood pressure 
: atient was at ieraging about 180 mm. of mer- 
( This quant f fluid, however, could be introduced, 
1 n vithou ising the pressure, but it was usually ac- 
companied by a fall of about 30mm. developing within a 
ew lhe s and lasting 12 to 18 hours 


Case No. 2. In this patient there was a long standing in- 


nary tract, resuiting 


ection e lower wi ¢ in ammoniacal 

mentation of the urine. In order to determine whether any 
carbonates were being excreted, samples of urine were con- 
centrated in an evaporating dish over the free flame. When 
no fixed base was present, the ammonia was soon driven off 
and the acid reaction of the urine returned. In the same 


manner, when normal urine is made alkaline with dilute am- 


lriven off on boiling and 


cess OL ammonia Is 


ipparent e salts, formed from the neutrali- 


WnmMonacal 


Except in the second injection of the test which is recorded 


in Table \ 


one Alk, 24 hrs. 15% 46 


THE REACTION OF THE URINE 


Phenolsul pho- 
nephthalein 


nd bh 


one Alk. 18 hrs. 5G 10g 


JOHNS HOPKINS 


OcroseR, 1912.] 
{ f the acid phosphates, are decomposed with loss of 
mmonia, since the urine becomes not neutral, but acid in 
m. When much fixed base is present, the vapors do 
come ammonia free on boiling, on account of the de- 
sition of urea: however, this does not give rise to an) 
nm. 
[hese tests were also confirmed by drying and _ heating 
tmus paper in the usual manner for distinguishing between 
mmona ind the fixed bases. 


(his patient received quantities of 10 grams at each in- 


n 2 per cent solution. The first injection was fol- 
‘\ vy a chill with slight rise in temperature accompanied 
hjective discomfort. These reactions increased in s 


ty with each injection, and accordingly the bicarbonate 
liscontinued before any had been excreted in the urine. 
Case No. 3. Other important factors in addition to the 


were present In this case. The nephritis developed 
is t result of infarctions from a subacute infective endo- 
litis. The observations were carried out during a prac- 
ifebrile period.” This would not be sufficient to ex- 
febrile acidosis, inasmuch as this short period had 
receded by a febrile course lasting several weeks. How- 
ver, if a febrile acidosis did exist, it was of such a type that 
ould not be detected by the ordinary tests, such as an 
nerease in the ammonia coefficient or the excretion of acetone. 
\ positive Wassermann reaction was obtained, but this was 
nly evidence of syphilis. 

Chis patient had been under observation in the ward for 
me week. At the time of the first injection the symptoms of 
remia were fairly definite. None of the usual signs of 

sis were present. There was a gradually increasing 
spneea. ‘he respirations were moderately deep and freé 
ate varied from 28 to 36 per minute. The mucous mem- 
anes were bright in color, although the haemoglobin and 
red blood count were low. On one occasion the patient 
d repeatedly for “ air,” and when questioned he said that 


ad no pain, but could not get his breath. There were no 


yhvsical signs in the lungs at this time to account for this 


syinptom, 
nty grams of sodium bicarbonate in 2'% per cent solu- 
m were given at the first injection. ‘Three injections were 
made in the next 32 hours. Quantities of 20 and 50 grams 
vere introduced at one time, increasing the concentration to 


per cent. The respiratory rate fell to 18 and 


na then to. 


s low as 14 per minute. At times there was definite 
ne-Stokes’ respiration. Muscular twitchings of the 
ace and the upper extremities also developed. These wer 
xtensive, involving only one or two movements at a time. 
persisted intermittently until death, but intervals of 
several hours frequently occurred in which no twitchings ap- 
eared. A localized cedema developed in the left hand. The 
ns at the elbow on this side had been used repeatedly for 


njecuons and withdrawal of blood specimens, but there were 


‘Blood cultures made by Dr. Major showed that the Strepto 
is viridans was present in considerable numbers during this 
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no evidences of thrombosis. In the next 24 hours the oedema 
diminished markedly. 

A specimen of blood serum taken after the fourth injection 
of bicarbonate did not show any increase in the alkalinity 
as measured by titration with N/10 acid against dimethyl- 
amido-azobenzene. An additional injection of 30 grams was 
given. The injections were then discontinued, inasmuch as 


the dyspnoea did not return and there was no indication that 


an alkaline urine could obtained or that a polyuria could 
be produced. A distinct oliguria persisted, though anuria did 
not develop. Death occurred 32 hours later. 

The autopsy showed extensive infarction of the kidneys ac 
companied by an acute diffuse nephritis. Microscopically the in- 
volvement of the glomeruli was very general. ‘The interstitial 
tissue was nowhere increased, but accumulations of mononuclear 
cells were scattered throughout the renal tissue in greater 
abundance than normal. The blood vessels were everywhere con- 
gested. 

Case No. 6. This patient was a chronic nephritic in 
uremia. (Edema was well marked, especially over the lower 
extremities. A satisfactory response was not obtained to any 
therapeutic measures. Sixty grams of sodium bicarbonate in 
24 hours, divided into three injections of 20 grams each, 
failed to change the reaction of the urine. Titrations made 
before and after the injections of bicarbonate showed no dim- 
inution in the degree of acidity. The cedema was not in- 
fluenced. Fair quantities of urine were passed until the time 
of death, which occurred 24 hours after the last injection. 

At autopsy the kidneys were found to be slightly enlarged. A 
chronic diffuse nephritis was present. Microscopical examination 
showed a uniform increase in fibrous tissue. The glomeruli 
were large; the uriniferous tubules were atrophic in places while 


in other areas they were dilated and lined by a low epithelium. 


The blood vessels showed a slight amount of thickening. 
Case No. 7. This case showed a marked grade of albumin- 
urla, accompanying acute rheumatic tTever, the irine con- 


r cent of albumin on the day of injection. No 


taining 1 } 
s patient was introduced into this 


casts were present. ‘Th 
series on account of the indefinite significance of albuminuria 
in nephritis. The tolerance to bicarbonate was definitely in- 
creased, but this might be interpreted as evidence of a slight 
acidosis in rheumatic fever. 

Case No. 8. This case was a cardio-renal patient. The 
test recorded in the table was made at the first appearance of 
symptoms of uremia and showed that there was no increase 
in tolerance to bicarbonate. The nitrogen and water output 
remained good, but death occurred two weeks later, the symp- 


toms of uremia persisting. 


The autopsy showed a chronic and subacute diffuse nephritis. 
Microscopically the cortex of the kidney was markedly scarred, 
The glomeruli were prominent; many of them were converted 
into hyaline masses while others were larger than normal and 
very cellular. The tubules were lined by a low cubical epithelium 
which was coarsely vacuolated and in some places it was granular, 


The interstitial tissue was increased in patches and in such areas 


‘The notes upon the autopsy findings in these three cases were 


furnished very kindly by Dr. Winternitz. 
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the tubules and glomeruli showed retrogressive changes The 
fibrous tissue increase was characterized further by an infiltration 
of mononuclear cells. The blood vessels showed thickening of 
their walls in the region of the fibrosed areas but otherwise they 


were not markedly involved 


Case No. 9. This is the only instance in which a high am- 


monia coefficient was obtained. A subsequent test five weeks 


later gave an ammonia coefficient of 9.5 per cent. This is of 


comparatively little interest, however, since this case was 


complicated with hepatie cirrhosis. 

Case No. 11. This result can hardly be interpreted on 
account f the coexistence of diabetes and nephritis ; the pa- 
tient at the time of this test was sugar free. The result is 
perhaps of some negative value to show that the tolerance in 
this instance was not normal. 

rhe case also serves to illustrate a situation which may 
irise in the handling of diabetic patients. Thus Naunyn 


f the blood vessels 


has emphasized that the same sclerosis « 
which gives rise to changes in the pancreas may also involve 
the kidney and affect the renal function. In this manner the 
occurrence of diabetes and nephritis in the same individual 
gives plse to two conditions either of which may increase the 
to'erance to bases. In diabetic coma it is assumed that the 
administration of carbonates should be continued until they 
appear in the urine. However, the same rule is not yet es- 
tablished for the nephropathies. Consequently in an un- 
complicated case of diabetic coma the explanation of the per- 


l 


nee of an acid reaction of the urine after the introduction 


of carbonates may be essentially different from a similar case 
in which renal lesions are present. 

The intravenous injection of bicarbonates in many of the 
preceding cases was not well borne. Reactions frequently ap- 
eared which were similar to those known as “ salt fever,” 
intravenous injection of physiological salt so- 


lution. ‘These reactions were especially pronounced in the 


ollowing thi 


two cases of chronic parenchymatous nephritis. The stimu- 
lating effect of sodium bicarbonate * was observed in some 
instances. The reactions were severe enough to contraindicate 
the intravenous injection of bicarbonate except in selected 
cases. On account of these reactions and in the absence of the 
explanation of this increase in tolerance, it seemed sufficient 
to establish whether the tolerance was normal or distinctly 
increased without attempting to determine the maximum 


limits of this increase. 


The two patients (Nos. 3 and 6) 
who received the largest quantities developed no reaction and 
experienced no discomfort, except for some stimulating effect 


seen in the second case (No. 6). Also no disturbances were 


observed in the ingestion tests following the quantities of 
I 1 OnaAat W l were used 

One feature which seems remarkable is that such large 
quantities salt could be introduced in advanced cases of 


nephritis without any definite influence on the cedema. 
Though many of the observations in edema have been made 
with sodium chloride yet since the effect of the salt is sup- 


posedly du salt action per se and not to any specific prop- 


* Dawsol J. Exper. M., N. Y., 1905, VII. 1 
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erties of the ions themselves, the sodium bicarbonate should be 


he sodium chloride. 


only moderately less effective than 1 

The one feature which is most prominent in Table V is 
that a distinct difference exists in the excretion of the ear- 
bonates in various types of nephropathy. 

In the four cases of the chronic parenchymatous type so- 
dium bicarbonate is readily exereted. This agrees with von 
Noorden’s statement that carbonates are readily excreted in 
nephritis. Furthermore, the cases which behave in this manner 
do not support Fischer’s * views regarding acidosis in neph- 
ritis. Indeed the data from the control cases would enable 
one to exclude acidosis rigidly in these four cases of chronic 
parenchymatous nephritis except for the theoretical possibility 
that even in acidosis the parenchymatous nephritie kidney 
would permit the excretion of bicarbonates under conditions 
in which, with a normal kidney, the bicarbonates would be 
retained by the tissues.” 


1 


In some of the cases, however, there was a noteworthy in- 
crease in the amount of bicarbonate which could be admin- 
istered without affecting the reaction of the urine. There is 
but one case (No. 6) in which we have a pure nephritis which 
is free from infections or other complicating factors, and in 
which we have clear proof of a well-marked increase in tol- 
erance, as tested by intravenous injections. Nevertheless the 
general behavior of the cases indicates that there are several 
diverse conditions among the nephropathies in which an in- 
creased tolerance may be expected. In addition to the diffuse 
nephritides, an impression was gained that the arteriosclerotic 
changes in the kidney were especially likely to give rise to an 


increase in tolerance. Prominent among the conditions which 


give a high tolerance are the acute nephritides with typical 
uremia. The results of the tolerance tests in the uremia 
appearing in Asiatic cholera show a very definite increase. In 
the present series, the uremia developing in the course of an 
infective endocarditis (Case No. 3) would indicate that these 
results are not specific for Asiatic cholera, but that they occur 
in other infections. Similarly, the behavior of the case of 
uremia which was free from infection (Case No. 6) would 


likewise indicate that such results were not specific for bac- 


terial infections, but that they occur in other toxaemias. 

[In the group of nephropathies which show an increase in 
tolerance to bases the possibility of an acidosis cannot, as vet, 
be excluded. At present we have gone no further than to at- 


tempt to establish the existence of this condition and have not 


* Fischer, Martin H.: Nephritis. 1912. John Wiley & Sons. 
New York. 

* Another suggestion may be offered in support of Fischer's 
hypothesis. The term acidosis, in its accepted sense, has come to 
mean a more or less general depletion in the available supply ol 
bases in the body. However, it is conceivable that a condition 
of a very different nature might be brought about by a localized 
accumulation of free acid in the kidney, for example, resulting 
in lesions due to the direct action of the acid on the protoplasm 
of the cells. The plausibility of such an occurrence might be 
argued from the supposed susceptibility of the kidney to acids 
and from its functional activity in the excretion of acids in order 
to spare the other tissues of the body 








Ocroser, 1912.] 


vet investigated its explanation. It does not necessarily fol- 
low that the injected bicarbonate is retained in the system. 
With the impairment of kidney function the body may have 


means of disposing of an excess of bases; for example, 
hy excretion into the intestine. But if we assume that a con- 
siderable portion of the injection is at least temporarily re- 
|, then two possibilities suggest themselves with especial 
prominence: (1) Acidosis with neutralization of the injected 
rbonate, and (2) retention of the bicarbonate without 
neutralization. The one factor which speaks most strongly 
inst acidosis is the absence of other signs, such as a high 


nia coefficient. This objection would have still more 


ami 
weight if the exeretion of ammonium salts in nephritis were 
thoroughly understood, Likewise, the subjective disturbances 
and the febrile reactions which frequently occurred after the 
njection of bicarbonate may be interpreted as evidence against 
the idea of an acidosis. 

On the other hand, the idea of retention is not altogether 
simple. It is well known that the diseased kidney retains a 
variety of substances such as dyes and sugars and certain 
salts. The mechanism which is involved would appear to be 
comparatively simple where the substances in question do not 
ct chemically with any constituents of the urine. In the 


case of bicarbonates which would combine with the acid 
salts of the urine the problem is more complicated. 

Furthermore, inasmuch as one of the normal functions 
of the kidney consists in the production of acid salts, then 
on the theory of retention one would be obliged to assume that 
a lesion of the kidney had brought about an abnormal func- 
tional activity as regards the excretion of acids, since the acid 
salts persist under conditions in which normally a_ liberal 
excretion of hydroxyl ions should occur. Indeed if quantities 
if as much as 50 grams of sodium bicarbonate may be in- 
jected into the body and retained without neutralization, 
then the source of these acid salts in the urine is not readily 
explained. Furthermore, in one of the cases (No. 8), the 
kidnevs showed extensive diffuse lesions but were able to 
excrete carbonates readily. However, we are not yet in pos- 
session of proof that the kidney in these conditions has become 
impervious to bases or that it has reached a state comparable 
to certain cells of the gastric mucosa, for instance, in which 
only an acid secretion can be produced 
Lastly, it should be emphasized that perhaps many factors 
may be involved in the explanation of a given case and the 
explanation of different cases may vary widely. Certainly, 
n many instances, important extra-renal factors may come 
nto consideration. Thus, the nephritis of Asiatic cholera, 
where the output of ammonia is often very high, may consti- 
tute an essentially different condition from the cases reported 
in the present paper. 

Functional Diagnosis and Therapy.—An examination of the 
data in Table V shows that in all cases in which the tolerance 
to bicarbonate is markedly increased, the phenolsulphoneph- 
thalein output is very low. On the other hand, the excretion 
‘f the bicarbonate is practically normal in some of these cases 


in which the phenolsulphonephthalein test shows a functional 
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insufficiency. It is obvious that there would be many objec 
tions to the use of bicarbonate in functional diagnosis. Such 
a procedure would evidently be less delicate than the phthalein 
test and it would be complicated by important extra-renal 
factors. 

The study of the majority of substances which are retained 
by the kidney are of interest from the standpoint of func- 
tional diagnosis rather than of therapy. In the case of the 
bicarbonates, however, the explanation of their behavior migi:t 
have some bearing on therapy in ease it should be shown 
that they fail to appear in the urine on account of the ex- 
istence of an acidosis. 

The use of the carbonates in the treatment of nephritis has 
assumed some prominence of late. vy. Hésslin “ reports a re- 
duction in albuminuria following a reduction of the acidity 
of the urine by the use of sodium bicarbonate. He also noted 
a marked variation in nephritics in the amount of bicarbonate 
required to effect a reduction in the acidity of the urine. He 
administered sodium bicarbonate by mouth in quantities 
varying from 2 to 15 grams and in one case 24 grams per 
day. Its use was continued over periods varying from two 
to four weeks. ‘The acidity of the urine was titrated according 
to Moritz’s method, and from the figures which are given it 
would appear that, in many instances, the reaction probably 
became alkaline to litmus. v. Hésslin found many instances 
in which the albuminuria was not influenced, but recommends 
that bicarbonate in increasing doses should be tried in all 
cases of nephritis. 

Fischer “ has recommended the normal carbonate and the 
results reported indicate a rapid diminution in the albumin- 
uria, a pronounced diuretic action, and a striking improve- 
ment in the general condition of the patient. 

Perhaps the most hopeful conditions for treatment are 
those infections in which an acute nephritis may be antici- 
pated and measures may be instituted before its actual 
development occurs. However, it is certainly desirable to 
approach the question from something more than an empirical 
basis. 

[ am inclined to think that one of the most important fac- 
tors to determine is whether changes do occur in the kidney 
which render it incapable of excreting anything but an acid 
urine even after the introduction of an excess of bicarbonate 


into the body. 
SUMMARY. 


The tolerance of the body toward fixed bases has been 
studied by determining the amount of sodium bicarbonate 
which must be introduced into the body in order to render 
the urine alkaline. The following results have been obtained: 

In normal individuals the ingestion of five grams of sodium 
bicarbonate is ordinarily sufficient to bring about the excretion 
of fixed bases in the urine, its reaction becoming alkaline, 
though in exceptional cases, this quantity of bicarbonate is 


insufficient, 10 grams being necessary. 


7 Deutsches Arch. f. klin. Med., Leip., 1912, CV, 147. 
“Fischer: Loc. cit. 
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Che tolerance to sodium bicarbonate was tested in acidoses 
produced artificially, in five cases of diabetes, in an obseure 
toxemia, accompanied by an increased excretion of ammonia, 
ind in a group of thirteen nephropathies. 

\ slight grade of acidosis, resulting from a carbohydrate 
free diet for a period of two to three days produced a small 
n the tolerance to bicarbonate. A. similar 
result was obtained in two cases by the ingestion of small 
intities of a mineral acid. 

In the five patients with diabetes who were tested, the 


pa 
ordinary signs of acidosis were absent. In three of these 
patients the tolerance was normal; in two, however, it was 
definitely increased, the urine remaining acid after the admin- 
istration of 30 grams of sodium bicarbonate. 

In the toxemie ease in which the ammonia excretion was 
increased there appeared to be a primary disturbance of pro- 
tein metabolism rather than an acidosis, with a secondary 
increase in ammonia. The tolerance in this case was normal. 

In the study of 13 patients representing several types of 
nephropathies it was found that four comforming to the gen- 
eral type of a parenchymatous nephritis excreted carbonates, 
readily behaving in this respect like normal individuals. 


Consequently the tests on this group do not afford evidence 


of an acidosis, at least not in the generally accepted sense of 


One patient with chronic diffuse nephritis also showed a 
normal tolerance but none of the remaining patients behaved 
in a normal manner. ‘Two patients continued to excrete an 


acid urine after the intravenous injection of sodium bicar- 


Ulill 


bonate in quantities of 60 and 130 grams respectively. 
1 I ‘ 


DISCUSSION. 


The determination of the tolerance of the body to sodium 
bicarbonate appears to afford a basis for the development of a 
method of general application for the detection of acidosis. 


As far as the clinical interpretation is concerned, it would 


seem that essentially the same result is obtained by either 
the intravenous injection or by the ingestion of bicarbonate. 
Evidence was obtained which indicates that the tissues of the 


body possess the property of taking up sodium bicarbonate 


This may 


very readily even in the early stages of an acidosis. 


licht increase in the acid 


be interpreted as indicating that as 
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metabolism is compensated for, in part, by the fixed bases of 
the body and not wholly by an increase in the exeretion of 
ammonia and of acids. 

The interpretation of the ammonia metabolism and _ thy 


carbonate are aifected in a 


study of the tolerance to sodium 
ynditions which may com- 
} 


ie 


very different manner by certain 
plicate the detection of an acidosis. ‘Thus an increase in t 
excretion of ammonia may occur not only in an aeidosis but 
also as the result of a primary disturbance of protein metabo 
lism. In the case of renal lesions, however, the data which 
are available in the literature indicate that there is no re- 


tention of ammonia, and accordingly a nephritis would not 


interfere with the study of the ammonia excretion. On the 
other hand, the test for the tolerance to sodium bicarbonate is 
readily applicable in the presence of disturbances of protein 
metabolism but the effect of kidney lesions is very obscure. 
From the limited number of cases reported in this paper it 
would seem that the one group of nephropathies which do not 
interfere by reason of the retention of carbonates are those 
eases which conform to the general type of chronic parenchy- 
matous nephritis. The nephropathies in which the tolerance 
is increased would interfere with the test if this tolerance is 
due to retention of bicarbonate on account of the renal lesions. 

In the attempt to obtain some evidence concerning the equi- 
librium between acid and base in the body, many methods 
have been suggested for the determination of the alkalinity 
of the blood. However, it would seem that, during pathologic 
processes when the body is becoming impoverished in certain 
constitutents, the composition of the blood may be maintained 
in a relatively normal condition at the expense of the other 
tissues. For example, when a diminution occurs in the con- 
tent of the body in carbohydrates or in water, the blood is 
supplied from the other tissues until their supply is seriously) 
depleted. It seems not unlikely that the same considerations 


apply in the case of the fixed bases. Consequently, the de- 
termination of the tolerance to bicarbonates may afford some 
information concerning any deliciency which may exist in the 
content of the tissues in fixed bases; such evidence would be 


of a very different nature from that obtained by the deter- 
mination of the reaction of the blood. 

In conclusion, I wish to express my appreciation to Prof. 
L. F. Barker for assistance and for an interest in this work 
which has been very valuable. 


EMBRYONIC BANDS AND MEMBRANES ABOUT THE C:ECUM. 


By JosepuH MarsHaLy F.int, M. D., 


Professor of Surgery, Yale Unive rsity. 


(From the Surgical Laboratory of Yale University and 


Some four years ago, under the name of membranous peri- 


colitis, Jackson called attention to what he believed was a 
distinct form of pericolitis, a definite pathological and clini- 
eal entity. This condition is characterized, according to 


Jackson, by the formation of an entirely new layer of vas- 


cularized peritoneum, which is found usually on the ascending 


colon, often extending up to the hepatic flexure and over on 
& Uy 


the Continuous Surgical Service of the New Haven Hospital.) 


to the transverse colon. In a second report, the original ac- 


count of the condition has been amplified by the description 
of an autopsy specimen by Hall, from whose notes the fol- 
lowing points are excerpted: 


Running from a point near the hepatic flexure to a point three 
inches above the caput ceci and extending from the parietal peri- 
toneum to the lateral and ventral aspects of the colon, is a thin 
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yascular veil with long, straight, parallel, unbranching vessels. 
The appendix is not implicated in any way. With the blood-vessels 
are long shining bands of connective tissue which gradually 
broaden and spread out in slight fan-shaped attachments on the 
anterior and inner surfaces of the colon. The latter is freely 
movable beneath this membrane. On section, there is no evidence 
of inflammation, but one finds numerous endothelial lined spaces 
which suggest a chronic lymph stasis. 


While we owe to Jackson the recognition of the possible 
pathological significance of these membranes, as well as their 
first accurate description, they have undoubtedly been seen 
by other observers previous to his report. To Virchow, 
Hofmeister ascribes the first description, while it is certain 
that Binnie and Lane had also observed similar structures 
prior to Jackson’s paper. 

Since that time cases of so-called membranous pericolitis 
have been reported by Hofmeister, Connell, Crossen, Pilcher 
and Gerster, as well as an additional series by Jackson. 

The symptoms with which these patients, reported in the 
literature, suffer may, in general, be classified with those that 
are already familiar to us in certain types of chronic appendi- 
citis. Pain is ordinarily the thing which makes them seek 
medical advice. It varies in intensity from feelings of dis- 
comfort to a more or less continuous pain on the right side, 
usually most marked in the right lower quadrant. It is 
liable to exacerbations and not infrequently accompanied by 
colic. Tenderness is usually greatest over the cecum, although 
palpation may elicit more or less definite response over the 
entire right side of the abdomen. The patients are usually 
constipated, especially in advanced cases, although Gerster’s 
series contains several with diarrhea. The stools may con- 
tain mucus, and not infrequently there are gastric symptoms 
in a sense of fullness after meals with eructations similar to 


those in appendiceal dyspepsia. Some of the cases have been 
in undoubted abdominal neurasthenics. 


ETIOLOGY. 


Concerning the etiological factors involved in the formation 
of these veils, there have been numerous speculations on the 
part of those who have reported cases. Jackson, to whom we 
owe our recent interest in them as possible pathological enti- 
ties, does not venture to ascribe a cause to their formation. 

Lane, in discussing the fixation of the cecum, describes ac- 
quired lateral adhesions passing in from the abdominal wall 
to the cecum, ascending colon and, in some instances, the 
proximal portion of the appendix. He states that “The por- 
tion of the caecum above the brim of the pelvis, together with 

ascending colon, is retained in a position of abnormal 
fixity to the posterior wall of the abdomen. This is affected 
by the development of adhesions between the outer aspect 
of the large bowel and the peritoneum covering the abdominal 
wall in its vicinity. In advanced cases, these adhesions are 
supplemented by a mesentery in which vessels of some size 
are contained. As a rule these adhesions merely fix the bowel, 


it occasionally they constrict its lumen very materially 
n one or more situations and render it liable to become ob- 
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structed. Not only do these adhesions anchor this part of the 
large bowel, but they also bind down to the iliac fossa a por- 
tion of the appendix.” It is quite certain from this descrip- 
tion that the acquired adhesions and mesentery of Lane are 
identical with the veil described by Jackson. 

Binnie considers the membrane to be due to a primary 
colitis, and that the appendix, if involved, is secondary. 
Hertzler views them as inflammatory in origin and secondary 
to affections of the appendix or gall-bladder. These views 
coincide with those of Hofmeister, who, likewise, looks upon 
them as structures arising from inflammation in adjacent 
organs, such as the duodenum, biliary passages, appendix or 
gall-bladder. Connell, on the other hand, does not regard 
them as inflammatory in origin, but due to ptosis of the 
cecum. 

According to Charles Mayo the veils result from “a late 
rotation of the bowel and descent of the cecum from its 
hepatic position after the formation of the parietal portion 
of the peritoneum in the infant. The cecum burrows its 
way into position, as it were, through the peritoneum.” 

In a recent communication Pilcher expresses himself as 
follows: “ As to the etiology of these films and bands, that 
view which considers them to be the result of long continued 
or oft repeated mild infections of the peritoneal coverings of 
the cecum and appendix transmitted throngh the intestinal 
wall seems to me most probable,” while Gerster, the latest con- 
tributor on the subject, expresses the view that, “ ‘The peri- 
toneum reacts to the infectious processes ordinarily associated 
with chronic colitis, by the formation of characteristic vas- 
cularized transparent membranes (pseucoperitoneum), which 
take their origin along the external aspects of the cecum, as- 
cending colon and hepatic flexure.” 

An analysis of the views expressed by the various contrib- 
utors to this subject is interesting, for, while there is no 
question that they are discussing the same structures, yet 
there is a wide divergence in their opinions as to both the 
origin and nature of the membranes. Suggestions varying 
from folds of peritoneum caused by the cecum burrowing 
behind the parietal peritoneum in a delayed descent (Mayo), 
and acquired adhesions to prevent the ptosis of the cecum 
(Lane), to various inflammatory or infectious etiological fac- 
tors (Pilcher, Hofmeister, Binnie, Gerster), have been given 
as the essential basis of their formation. As it is important 
for us to know both the origin and the pathological signifi- 
cance of these veils, we have accordingly made it a routine to 
study carefully the cecum and ascending colon, with this 
object in view, whenever we have had access to the right half 
of the abdomen. 

During the past two years I have met with some 29 in- 
stances where pericolic membranes of one form or another 
were found at operation. A detailed account of the histories 
and findings in these cases would make this paper too volu- 
minous, so simply a summary of the results obtained by a 
study of these patients will be presented. The pericolic mem- 
branes vary widely in their position and distribution, but in 
almost every instance their physical characteristics are the 
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same. hese fine, filmy struetures were well described by 


Jackson in his first and second papers and to his description 
of their gross appearance there is little to be added. 


So far as their general characteristics are concerned, they 


are fine, delicate membranes extending over the surface of the 
first part of the large intestine, which is freely movable under 
them. ‘They give, as Hall has aptly pointed out, the impres- 


sion as though the colon were placed in a thin diaphanous bag 
slightly too small for it. The cobweb veil is very thin and is 
covered by glistening peritoneum and contains numerous 
characteristic parallel blood-vessels, which run for a consid- 
erable distance without anastomosing. ‘They originate from 
the vessels of the parietal peritoneum and usually run down- 
wards and forwards to terminate by communicating with the 
vessels in the muscular coat of the intestine. The attach- 
ments of the membranes to both the parietal peritoneum and 
the intestine are extremely loose and elastic. Here and there, 
there are firmer strands of connective tissue and the veil ter- 
minates usually by spreading out in fan-shaped processes or 
extensions as it insensibly loses itself in the peritoneal surface 
of the intestine. The membranes are paper thin and only 
now and then do they show any deposits of fat. The impres- 
sion given by them is quite different from that ordinarily 
conveyed by pathological adhesions. They are neither as 
opaque nor as avascular as adhesions, and they have, in 
general, a more or less regular distribution. They are, more- 
over, much thinner than the parietal peritoneum, as is easily 
seen when traction is made upon them, for the parietal peri- 
toneum that is pulled out at the points of attachment has the 
thicker, more opaque appearance that is always seen in hernial 
sacs. 

The histological studies of Hall on this structure, while 
confined to a single specimen, are accurate and his conclusions 
that the membranes are not inflammatory seem quite justified. 

So far as their distribution is concerned, we have found 
from our series of cases that they may roughly be divided into 
The commonest group is that where the veil 


three groups. 
extends from the parietal peritoneum along the lateral margin 
f the colon, particularly near the hepatic flexure, over onto 
the lateral and ventral aspects of the colon and cecum. Often 


the caput of the cxeum is free, but they may extend down- 


wards not only to the caput, but even cover the proximal 
portion, and sometimes the entire appendix as well. 

(nother type occurs lower down and extends from relatively 
the same part of the parietal peritoneum over onto the head 
of the cecum and usually covers the proximal half and more 
rarely the entire appendix. Veils of this description do not, 
as a Tule, extend high up on the ascending colon. 

The third type of veil, which is relatively rare, extends 
from the ventral aspect of the colon and passes over and is 
continuous with or apparently adherent to the omentum. In 
some cases, it may extend from the parietal peritoneum on 
the lateral wall of the abdomen over the ascending colon and 
then become continuous with the omentum, often holding the 
ascending and the first part of the transverse colon side by 
side with a sharp angulation at the hepatic flexure if the 


latter happens to be long and looped. 


5 
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Between these three main types of veil there may be in- 
termediate stages or combinations of two types. In fact, 
each case differs somewhat from the next, but in any con- 
siderable number of instances, they will fall more or less 
naturally into these three groups. 

Before we take up the consideration of the nature of these 
membranes it may be well to consider for a moment the 
usual peritoneal attachments of the colon and cecum. In a 
large percentage of cases, these veil-like structures will be 
observed about the hepatie flexure, frequently shading off 
into the omentum, or else making up the supporting re- 
flexion of the peritoneum which extends from the hepatic 
flexure and over onto the kidney. Likewise, along the 
lateral and posterior aspect of the ascending colon, tissue, 
similar in structure to the membranes, will be found holding 
it (the ascending colon) in place. 

Turning, for a moment, to the embryology of this portion 
of the alimentary tract, the following brief account of the 
development of the topography and attachments of the first 
portion of the large intestine, affords the only means by which 
the origin of these membranes can be explained. 

After the reversal or rotation of the gut, the caecum comes 
to occupy a position just under the liver about the final site 
of the hepatic flexure. When the rotation is complete, the 
mesogastrium balloons forward and the formation of the great 
omentum begins. This fuses later with the transverse colon 
and the gastro-colic omentum thus comes into existence. 
Usually this fusion takes place only along the transverse colon, 
establishing the usual relationships. Not infrequently, the 
omental attachments extend further to the right, even to the 
abdominal parietes. After the cecum takes up its subhepatic 
position, there is a fusion between the peritoneal surfaces of 
the cecum and the posterior abdominal wall, attaching the 
large intestine in its new position. As the cecum descends 
with the subsequent formation of the ascending colon, the 
posterior surface of its mesocolon also becomes adherent, 
thus obliterating the free mesentery of this part of the large 
intestine. This brief description of the development of the 
attachments and position of the first segment of the large 
bowel is of the more frequent types, but here, as elsewhere in 
the body, we have frequent variations in form, connections, 
and relationships, as can be seen by studying any large 
series of cases. Variations in the positions, attachments, 
time of rotation, and descent are particularly common in this 
region, as is shown by Smith’s study of the relationship of the 
large bowel in one thousand infants. Now, concerning the 
nature and position of attachments of the colon to the ab- 
dominal wall, we have no careful anatomical studies. Fur- 
thermore, embryologists do not possess much detailed informa- 
tion concerning the exact nature of the secondary fusion that 
takes place between the various layers of the peritoneum, such 
as the obliteration of the mesentery of the ascending colon 
and the formation of the attachments of the first part of the 
large intestine in its final position. 

With the usual topography and peritoneal reflections of this 
part of the large intestine, we are all familiar, as this is what 


we are accustomed to call the norm. In reality, however, 
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s only the predominating tvpe and there are series of 
requent forms which, however, should not be looked upon 
thological, but rather as variations common enough to 
classify as normal, A study of these less common types, par- 

rly during the stage of their formation and with par- 
ticular reference to the attachments of the cecum and 

ent parts of the intestine, may throw some light upon the 


m of these pericolic membranes. 


hrough the courtesy of my colleague, Prof. Ferris, I have 
en able to dissect a series of human embryos and two in- 


fants at term and have found conditions which show clearly 
these veils are embryonic and normal structures and are 
» 


not due to the organization of an inflammatory deposit « 
if mild infections originating from a chronic colitis. 

In the first preparation, an embryo 154 cm. long, nape- 
reech measurement, the cecum (Fig. 5) is still undescended, 
he fusion between it and the parietal peritoneum has oc- 
rred. Fine veil-like attachments are present, running from 
the parietal peritoneum just beneath the liver and over the 
idney onto the ventral aspect of the cecum, where they are 
st on the mesocecum. This is an important stage in the 


opment of these pericolic membranes for it represents 
an excessive degree of fusion of the rotated cecum with the 
parietal peritoneum. The usual attachments between the 
visceral and parietal layers at this point are confined to the 
osterior aspects of the cacum and the adjacent portion of the 
parietal layer. In this case, the appendix lies free in the 
ileocwcal angle and the terminal ileum is provided with a 
free mesentery, the posterior leaf of which shows no fusion 
with the peritoneum. 

In an embryo 22 cm. long, nape-breech measurement (Fig. 
6), partial descent has occurred. Like the preceding speci- 
en, there are certain atypical and variable features to the 


rhe fusion is most marked at the site of the future hepatic 


ttachments between the cecum and parietal peritoneum. 


xure and along the partly formed ascending colon, where 
the very delicate adhesions marking the fusion of the two 
vers extend from the parietal peritoneum onto the lateral and 
entral surfaces of the colon. The caput cexci is free, but the 
appendix, caught in these new attchments, shows the effect 
f the partial descent by being drawn up and kinked along the 
ventral aspect of the colon with its tip free. It is important 
bserve that these new-formed attachments which run trans- 
erse to the long axis of the colon in the preceding stage, are 
now drawn partly downwards and are somewhat thinned 
the descending cecum. An effort to lift the terminal 
reveals that it, too, has partaken in the process of fus- 

n in having the posterior leaf of its mesentery and the pos- 
aspect of the intestine itself united to the parietal peri- 
toneum by fine, delicate attachments similar to those joining 


+} 


colon and peritoneum. ‘This is important to bear in 
mind for, as will be shown later, it represents in its simplest 
embryonic form a Lane’s band. 

In an infant at term (Fig. 7), the ordinary conditions 
found in adult life are present so far as the topography of the 
cecum and colon is concerned. Descent has occurred and the 


JOHNS HOPKINS HOSPITAL BULLETIN. 305 


omentum is attached to the transverse colon some distance 
from the hepatic flexure, but a thinned-out portion of the 
omentum extends over the ventral aspect of the colon as 
far as the hepatic flexure. Along the lateral margin of 
the ascending colon, extending from the adjacent portion 
of the parietal peritoneum and having all of the pericolic 
veils, are loose membrane-like attachments, the direction of 
which is now downwards, marking the course of the descended 
cecum. The terminal ileum is perfectly free with a mobile 
mesentery and the appendix is in no way involved in the 
process of fusion. 

Another variation in the usual form of fusion is shown by 
aun embryo 24 cm, long, nape-breech measurement (Fig. 8), 
where the cecum is still undescended but is fused posteriorly 
to the parietal peritoneum over the kidney which can be seen 
just below the liver and above the cecum. In this case, no 
attachments in the form of embryonic membranes extend over 
the ventral aspect of the colon or cecum. The appendix, 
however, is involved in the process of fusion and is attached 
to the peritoneum just over the kidney, where it shows the 
effect of the beginning descent in being drawn up and kinked. 
As is the case in Fig. 6, the tip of the appendix is free, a con- 
dition most frequently found in adult life when the appendix 
is covered by these pericolic membranes. 

From a study of these three specimens, it is perfectly clear 
that unless we accept the unproven theory of fcetal peritonitis, 
these stages indicate the evolution of the adult pericolic mem- 
branes of the commoner type, such as are shown in Figs, 1, 4, 
10, and 13, which represent simply a more extensive form of 
the normal connections between the rotated intestine and the 
posterior portion of the parietal peritoneum. Usually the 
fusion takes place only in the approximated portions of the 
peritoneum and is probably due to some specific chemiotactic 
action, inasmuch as other parts of the peritoneum at these 
stages of embryonic life do not participate in the process. At 
times, however, the fusion is excessive and attachments are 
formed with the cecum in the subhepatic position that extend 
over onto the lateral and ventral aspects of the cecum and 
embryonic colon. Given these attachments, the subsequent 
descent draws them out into the thin veil-like structures that 
have been described as membranous pericolitis. Both the veils 
and the parallel vessels in them indicate, as it were, the path 
of the descent. This process can be appreciated even more 
readily by reference to the accompanying schema, where the 
change in position of the cecum involved in its descent would 
draw out these fine embryonic adhesions into the form of a 
veil. 

In the series of embryos studied, another infant at term 
(Fig. 9) throws some light upon the etiology of those veils 
of the third type which are continuous with the omentum. 
In this specimen, the following relationships of the cecum, 
colon and omentum may be observed: the omentum, with its 
usual attachment to the transverse colon, extends lateralwards 
over the cecum and is attached to the parietal peritoneum 
adjacent to it. The appendix is free and of the conical in- 
fantile type. The fusion between the posterior aspect of the 
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cecum and parietal peritoneum has taken place. It must be 
perfect ‘bvious that subsequent descent of a cecum with 
uch omental attachments must give rise (in adult life) to 


} » 


the form of veil shown in Fig. 3, where it extends from the 


parietal peritoneum over the colon and is continuous with the 
omentum along its median border. The development of this 

pe of veil may be more readily appreciated from the schema 
hown in Fig. B, where the superimposed drawings of th 
earlier and later stages indicate how descent draws out the 


iriable embrvyonie omental attachments of the cxcum into 
a pericolic membrane, 
hese preparations are taken from a relatively small series 


of embryos, which only serves to emphasize the frequency with 
these veils may occur. They naturally vary a great 


leal in ieir distribution and extent, but all of those 


found about th 


» cecum and ascending colon develop in the 


manner just deseribed. Surgeons will recognize in these cases 


where the appendix is involved in the process of fusion, types 
f appendices which, in adult life, have hitherto been looked 
upon as resulting from chronic adhesive appendicitis, but 
n reality, organs that are covered by an embrvonic 


which are, 





Inia. A, Fie. B 


Fig. A.—The black portion of the figure represents the czecum in 
its subhepatic position after rotation. The heavy lines the attach- 
ments to the parietal peritoneum such as are shown in Fig. 5. It is 
perfectly clear that subsequent descent would draw out these fine 
attachments into the form of a veil indicated by the lighter lines. 

Fig. B.—The black portion of the figure represents the cecum in 
the subhepatic position, with the omentum attached to it and the 
parietal peritoneum indicated by the heavy black lines. Descent 
draws out and thins these portions of the omentum into the form 
of a veil which is continuous with the parietal peritoneum on the 
one hand and the omentum on the other, as is indicated by the 
lighter lines. 


membrane and not infrequently drawn up and kinked during 
the descent of the cecum. In sueh eases, the ceeum and colon 
nay be free or more frequently involved in the smaller sec- 


nd type of veil. To recapitulate, it will be clearly seen from 


a study of these specimens, that, after the rotation of the gut, 
the cecum becomes attached to the peritoneum of the poster- 


1] 


ior abdominal wall just under the liver and over the kidney. 


has not 


lhe precise nature of these secondary attachments 


been worked out bv embryologists. In some instances, they 


are more extensive than in others and may extend out over the 


surface of the cecum or ascending colon and, with the subse- 


quent descent, these new-formed connections between the vis- 
ceral and parietal peritoneum are drawn out in the form of a 


hin veil, carrving with them their blood-vessels, which take a 


ong unbranching course from their origin on the parietal 
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peritoneum downwards and forwards onto the cecum or 
colon, where they communicate with those of the intestinal 
wall. These secondary unions between the two layers of the 
peritoneum usually spare the cxeum and extend onto the 
colon, which give rise to the commoner form of veil (Fic 
1). Occasionally, the cecum and even the proximal portion 
of the appendix or, still more rarely, the entire appendix is 
covered, In such eases, we have the extensive veils which 
embrace the entire first portion of the large intestine with the 
appendix drawn up in the process of descent (Fig. 10). In 
still other instances, the attachments are confined to the region 
of the cecum and appendix and thus we have the formation 
of the veil which simply covers the caput ceci (Fig. 2) with 
the usual posterior attachments extending up behind the as 
cending colon. 

As there are variations in the form of the secondary at- 
tachments between the colon and the peritoneum, so also does 
the extent of the fusion between the part of the posterior meso- 
gastrium which gives rise to the omentum vary within very 
considerable limits. Sometimes, the embryonic omentum 
reaches out lateralwards and fuses with the cecum before its 
descent and not uncommonly extends onto the parietal peri- 
toneum. When such a secondary fusion takes place, the 
cecum, in its descent drags down the omentum with it and 
gives rise to that form of veil (Fig. 3) where it is continuous 
with the omentum along the medial aspect of the large bowel. 

Not only from the appearance of the veils themselves, but 
from the conditions shown in the human embryos and infants 
just described, it is clear that these pericolic membranes are 
not the products of inflammation, nor are they the residue of 
It is likewise clear that the view 
which regards them as the result of a burrowing of the cecum 


repeated attacks of colitis. 


behind the parietal peritoneum cannot obtain. They represent 
simply either more marked attachments of the large intes- 
tine to the posterior abdominal wall or else, in some cases, 
a more extensive fusion of the omentum to the colon, which 
is dragged down with the descent of the cecum and gives it 
an attachment on the ascending colon continuous with an 


embryonic membrane. 


SYMPTOMS. 


The question of the greatest importance from a clinical 
standpoint is whether or not these embryonic membranes are 
ever responsible for symptoms. While, in the great majority 
of cases, they are not the cause of any trouble to their pos- 
sessor, I think there is no question, however, that in certain 
instances, either alone or in combination with other circum- 
stances, they may give rise to symptoms of a very definite 
nature which are not infrequently either confounded with or 
associated with chronic appendicitis. When the veils are ex- 
tensive and badly placed from a mechanical point of view, 
they may cause obstruction, especially if any degree of ptosis 
is present. It is not impossible that they may become some- 
what thickened as a result of chronic colitis. This is indi- 


cated in the denser strands of connective tissue in some veils, 
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ssociated with distention of the cecum, exaggerated or ir- 
r sacculation of the colon, and the unrolling of the 

stine after such veils are incised. Veils continuous with 
mentum may, if the transverse colon is redundant, hold 

the hepatie flexure in acute angulation. Patients with such 
ranes may suffer, not only from the mechanical inter- 

nee with the intestinal circulation, but may have sensa- 
pain and distress on the right side more or less ex- 
ting in character and often show on palpation distinct 
nderness over the ascending colon well above the appendix 
and cecum. In three instances, my cases have shown points 
enderness over the cecum or in the pelvis on the right 
side, as well as a marked reaction high up in the flank. In 
‘se cases, the chronically inflamed appendix was found 
hanging over the brim of the pelvis and a well marked veil 
on the ascending colon. One instance was in a child of 12, 
the second in a youth of 18, and the third in a very well 
nourished woman of 29. In these cases, there was no ptosis; 
no question of involvement of the kidney and ureter, and no 
chronic colitis. None of the patients was neurasthenic. There 
could be no other interpretation of the symptoms and findings 
at operation, except that the flank pain was due to the con- 
striction of the embryonic membranes. Incision of the veils 
relieved all three of the cases. That such symptoms may 
ow their presence is even better shown in the instances 
reported by Jackson and Connell in which simple appendec- 
) ave no relief, but where reoperation and removal of the 
veils accomplished the desired result. A patient upon whom 
| operated some time ago emphasizes this occasional asso- 
ciation of the membranes with symptoms. For years she had 
suffered with pains of varying intensity on the right side over 
the cecum and ascending colon. She was operated upon in 
the fifth month of a pregnancy complicated by multiple 
mata, one of which was strangulated. After the hysterec- 
and appendectomy, her condition did not warrant any 
rther interference, so the well marked embryonic veil cov- 
ering the cecum and ascending colon was left undisturbed. 
Che appendectomy has had no influence whatever upon the 


ain on the right side although in other respects she is quite 


Embryonic veils which embrace the appendix usually kink 
ind probably are responsible for many of the cases of 
appendicitis in which they oceur. Veils of this type 

have usually been interpreted as adhesions about the appendix 
sulting from previous infections. Most operators have 
frequently been surprised to find a bound-down, kinked and 
herent appendix in a case that has never had an acute attack. 

in s h instances the adhesions are usually these embryonic 


membranes. I have seen two cases where the appendix was 
tricted and partly obliterated at the point of attachment 
a veil, which led to an acute infection of the appendix 
large intestine. 


he interference of its drainage into the 


\ ] 1 . ’ . } 
We ave come to suspect the presence of these veils as the 
ause of symptoms in these cases which complain of pain in 
the moht side nenall awl . 2 ] ls k P eal 
right side, usually most marked in the flank and right 


wer quadrant, which have never had an acute attack of ap- 
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pendicitis and in which the possibility of renal and ureteral] 
involvement can be ruled out. Most frequently, such patients 
complain of chronic obstruction which usually intensifies their 


symptoms. 
TREATMENT. 

Several suggestions have already been made for the treat- 
ment of these pericolic membranes. By some, the veils have 
been stripped off and the colon denuded of some of its peri 
toneum in consequence. Another suggestion has been to dis- 
sect. off the veil and use it as a strand to support the caecum 


from sinking into the pelvis. Lately we have simply incised 


the meinbrane along the lateral border of the colon and al- 
lowed the intestine to unroll and become free. In our first 
few cases, when we were under the impression that the mem- 
brane was inflammatory, we stripped the veil, but later con- 
fined any operative interference with it to those cases only 
where we felt that it was responsible for pain and discomfort 
or else was offering some mechanical obstruction to the intes- 
tinal current. In any case, incision is all that is indicated, 
for any obstruction can be relieved in this way. Stripping 
leaves a denuded surface which may lead to the formation of 
adhesions or cause, in healing, the formation of a new inflam- 
matory membrane which might be worse than the embryonic 
veil. In those cases where the membrane is continuous with 
the omentum, the operator may free the omentum by incision 
and ligation of the bleeding points. By far the best treatment 
in the majority of cases will be to let them alone, for it must 
not be forgotten that these are normal embryonic structures 
of quite common occurrence and they should not be interfered 
with in the absence of definite indications for their incision or 
removal. Furthermore, it is especially important to be cau- 
tious in attaching any pathological significance to structures 
which may be simply more or less uncommon anatomical 


variations of the normal attachments of the colon. 


LANrE’s BAND AND KINK. 

In recent years, everyone has become familiar with the work 
of Arbuthnot Lane on chronic constipation and the careful 
study he has made of the mechanical factors that interfere 
F 


with the fecal current in the intestine. Various aspects « 
this problem have been discussed by Lane in an interesting 


1 


series of papers. The great frequency of chronic appendicitis 
and the association of the disease with chronic obstruction 
have centered interest more or less upon the band and kink 
first described by Lane in the terminal portion of the ileum. 
This condition can best be explained in Lane’s own words: 
“There develops on the under surface of the mesentery of the 
last few inches of the small intestine a new band, which at 
first forms part of the under surface of the mesentery. Later 
it forms a ligament distinct from the mesentery. This liga- 
ment contracts and deforms the ileum, producing a kink or 
obstruction of this portion of the intestine, especially in the 
erect posture of the trunk. In consequence of this kink, the 
small intestine becomes very much dilated and this dilatation 


may extend up as far as the pylorus. The symptoms produced 





9 


yy this obstruction are superficially very much like those of 
wppendicitis and, in consequence, a large number of normal 
appendices have been removed to bring about a cure of svmp- 
toms resulting from this obstruetion, needless to sav, without 
iny particular benefit to the patient.” Lane, himself, ascribes 

e formation of the bands to ptosis of the excum, a tendency 
which crystallizes the lines of strain into peritoneal adhesions 
resulting in a kinking of the gut and a rolling of the intestine 
on itself. Sinee the appearance of Lane’s papers, a number ol 


observers have reported cases and offered suggestions as to 
the possible etiology of the condition. Martin, who has studied 
he problem, reports the results of his investigations as follows: 
‘From a somewhat careful observation of a limited number 
of eases, I have concluded that the kinking of the ileum within 
four inehes of its cecum attachment instead of elsewhere, is 
due to the facet that the ileum at its termination in the large 
bowel possesses an extremely short mesentery, viz., from one 
to two inches. Given this comparatively fixed portion of the 
compressible tube, there are two factors which lead to its dis- 
tortion: (a) A too movable and displaced large bowel, and 
(b) an abnormal disposition of the remaining portion of the 
small bowel or other viscera.” Martin does not think that 
chronic inflammation of either the appendix or adjacent vis- 
cera has any particular influence on the formation of these 
bands. Charles Mayo, also a contributor to this subject, states 
that: ““ During the past two years we have observed many 
eases in which there was a definite kink in the ileum within 
a few inches of its termination. The ileum was rolled over 
ind fixed upon its mesentery, evidently a condition of inflam- 
Sometimes these adhesions, with resulting 


bands of peritoneum causing a kink, appear to be of congenital 


matory origin. 


development because the condition has been reported in 
children without evidence of local inflammatory cause. It has 
been observed that when adhesions were present, or when the 
peritoneal bands were greatly thickened, the appendix also 
showed chronic inflammation which was apparently the source 
of the peritoneal thickening. The relief afforded by freeing 
the bowel of the adhesions indicates that this is undoubtedly 


o do with the ill health of the 


a condition which has mueh 


ndividual, even though the greater number of symptoms were 


not local but reflex in character, acting upon the stomach and 
ntestines 
In the past two vears [ have met with 11 eases of Lane’s 


band of which 5 had, at the same time, embryonic veils upon 
either the cecum or ascending colon. Of the 11 cases, 8 had 
marked kinks and the remainder were slight and not associ- 


l 


ated with anv evident obstruction to the lumen of the small 


ntestine. In the gross characters of the bands, none of them 


| adhesions. Some were thin and delicate 
ke the pericolie membranes, while others were thicker and 
irmer although not of the same character as acquired inflam- 
matory adhesions. On two there were secondary deposits, 
inflammatory in nature, resulting from attacks of appendi- 


ellis, or the most part they extend from the free border of 


1e intestine opposite the mesenteric attachment onto the 


posterior leaf of the mesentery and thence, if that is short, 
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to the parietal peritoneum over the psoas muscle along the 
brim of the true pelvis. The discovery of a marked band at 
autopsy in an infant 11 months old, where neither the illness 
nor the cause of death was in anv way associated with the in- 
testine, forced the conclusion already reached by Mayo that 
some of these cases were certainly congenital. During the 


study of the embrvos with reference to the attachments of t] 


cecum and large intestine, a careful inspection of the ter- 
minal portion of the ileum was also made to determine just to 
what extent these bands were present before birth and to see 
if any rational explanation of their formation could be found. 

In this part of the alimentary tract, as in the first portior 
of the large intestine, there is a great deal of individual vari- 
ation in both the relations and the attachments of the terminal 


vortion of the ileum. In all of the embryos, except two, 
| : } 


the terminal ileum possessed a free mesentery, but it varied 
considerably in length. In some cases it was short, while in 
others it was long and free. In almost all cases, however, on 
the posterior leaf of the mesentery, there was a point of re- 
flection onto the parietal peritoneum over the psoas muscle 
or just over the brim of the pelvis, the exact point depending 
on the age of the embryo and the degree of descent that was 
present. This is well shown in one of the infants at term 
(Fig. 9), where the mesentery is free and long, but where 
the cecum is not yet descended. On lifting the ileum to 
bring the posterior leaf in view, a distinct fold running from 
a point near the psoas up onto the posterior leaf is clearly 
seen. This is the condition which one finds in almost all 
adults, whether the mesentery is either short or long. In the 
embryo (Fig. 6) 22 em. long with a partially descended 
cecum, the process of fusion between the cecum, colon and the 
parietal peritoneum had apparently involved the terminal 
part of the ileum as well, so that we have a well marked 
Lane’s band at this stage of fcetal life. As the free part of the 
ileum is lifted, the delicate attachments that connect the por- 
tion adjacent to the ileocwcal valve with the parietal perito- 
neum are shown. In this instance, union has taken place 
well down onto the intestine. In a second case, of an embryo 
(Fig. 8) 24 em. long, where the cecum is still undescended, 
a similar state of affairs is observed except that the posterior 
leaf is a trifle freer than in the preceding instance. The 
hand was observed for a third time in the case of the 11 
months infant noted above (Fig. 12) who died the day after 
admission to the hospital from cachexia, due to an ovarian 
teratoma. In this case, the cecum was undescended, the ap- 
pendix infantile, and there was a well marked embryonic 
band uniting the terminal ileum with the posterior perito- 
neum, almost obliterating the posterior leaf of its mesentery. 


In these three instances, occurring in embryonic life and 


just after birth, we have not only a Lane’s band present, but 


also the explanation of its formation. The band is associated 
with the fusion that takes place between the rotated intestine 
and the parietal peritoneum. In al! instances, it may not be 
the result of a direct fusion, for when an attachment takes 


place in embryos with a short mesentery between the posterior 


leaf of the mesentery and the parietal peritoneum, while the 
] } 
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cal junction is still in the subhepatic position, the sub- 
descent might tend, owing to the point of fixation, to 
n the posterior leaf of the mesentery and to roll the in- 

e on itself. 
probable that this condition is much more frequent 
in we suspect and that there are many cases where the pos- 
n of such a band is not the slightest inconvenience to its 
ssor. On the other hand there is no question that the 
nee of these bands may offer serious obstruction to the 
stinal current, especially if it is associated with hyperde- 
scent of the caecum or a condition of acquired ptosis. I think 
uld be well for surgeons to recall that all cases of pelvic 
are not ptotic, for, as Smith has shown in his study of 
ynditions in 1000 infants, hyperdescent takes place in 
f the cases and the cecum lies in the true pelvis. Now, 
tients with aequired ptosis or those in whom the hyper- 
descent is excessive, or those in whom embryonic membranes 
er the cecum or ascending colon in such a way as to 
bstruction, the presence of these bands may take 
! definite pathological significance and become a potent 
source of delay in the passage of the intestinal contents, not 


A B 


Mic. C_—Diagram A shows the terminal ileum with its mesentery 
cut In cross-section. The fine lines represent the embryonic Lane’s 
band. Descent with the cecum, indicated by the arrow, would tend, 
owing to the fixation, to roll the intestine on itself and possibly 
kink it (B). 


on na diminution of the lumen of the gut itself, but in 
rmation of a definite kink of the ileum as Lane has 


pointed out. 
SYMPTOMS. 


Che symptomatology in our cases has varied from none 

ributable to the band itself, but where the disease was 
chiefly in the appendix, to marked cases with definite ob- 
struction. The differentiation between the symptoms of an 
structing band and chronic appendicitis is often difficult or 

ossible, as Mayo has pointed out, when the two conditions 
ccur in the same patient. 


he symptoms that may be referred to the band are chiefly 


obstruction which is usually chronic. The patients 
ler from constipation, the bowels often moving only 
e aid of catharsis. There are not infrequently at- 

ks of colic which may be severe enough to simulate an 
cute obstruction. In fact, two of my most marked 

ises had periods of acute obstruction lasting several days. 
One was operated on for the obstruction. The more usual 


one of continual distress or discomfort on the 
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right side low down or about the umbilicus, with frequent 
severe attacks of pain and colic which are aggravated by the 
periods of constipation. There are also cases where the re- 
ferred symptoms predominate and the patient complains 
chiefly of the distention and eructations of gas. These usually 
are worse some time after meals. They are, however, not 
like the characteristic hunger pains of duodenal ulcer. The 
frequent association of embryonic bands upon the cecum 
or colon with kinked or chronically inflamed appendices makes 
a definite diagnosis of the band alone improbable in very 
many cases. The usual points of tenderness on the right side 
along the terminal ileum is not, as a rule, capable of being 
dissociated from the tenderness of the appendix. 


TREATMENT. 


The treatment that has been followed by all surgeons con- 
sists in an incision of the band along the mesenteric border 
of the intestine, allowing the gut to unroll and the kink to 


straighten out. This can be accomplished with the point of a 
sharp knife or by passing a pair of anatomical forceps under 
the band and incising between the blades. It is remarkable 
how the intestine will unroll and the kink disappear after 
the release of the constricting action of the band. Martin 
keeps his patients in the Trendelenburg position after the 
operation to prevent the reformation of the band by lengthen- 
ing the posterior leaf of the mesentery and Mayo accomplishes 
the same result in some patients by smearing the denuded 
part of the peritoneum with sterile vaseline. We have counted 
on the usual post-operative distention of the gut to keep the 
released intestine from either kinking again or allowing ob- 
structive adhesions to form over the area denuded of peri- 


toneum. 


EmBryonic BANDS ON THE GALL-BLADDER. 


Another type of embryonic band which is familiar to an- 
atomists and embryologists, but to which no one, so far as I] 
am aware, has ascribed a definite symptomatology, is a small 
band like a mesentery which extends from the gall-bladder 
onto the transverse colon to become continuous with the omen- 
tum. It is thin, relatively avascular, and contains but little 
fat. In some cases the fundus is free and in others the mes- 
entery extends well up to the tip of the organ. Attention has 
again been called to this omental mesentery of the gall-bladder 
recently by Rubin in his interesting paper on the functions 
of the omentum. He states that he has only observed the 
condition in children and infants where pathological changes 
are out of the question. Recently, I found in the same infant 
(who had died of an intercurrent disease) an example of this 
variation of the omental attachment, with a Lane’s band and 
undescended caecum. It was apparent that this was simply 
an embryological band such as has been frequently seen and 
owed its origin to the fundus catching up a portion of the 
omentum as it grew out from the common duct. <A few 
weeks later, a patient entered the hospital with the following 


rather remarkable history: 
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he patient, Miss D., is an extremely intelligent young woman 
of 20 About three years ago she fell and received a blow on the 
abdomen just above the hip. Since that time she has had a con- 
stant pain on the right side which becomes very sharp and radiates 
to the right shoulder on any extra exertion, especially like jarring 
or twisting the right side. Indigestion or accumulation of gas in 
the intestines increases the pain in the side. On taking a deep 
breath a sharp pain is noticed in the right hypochondrium (patient 
points to the gall-bladder region). Recently she has much dis- 
comfort in the epigastrium, especially after eating, when she feels 
as though her stomach is distended with gas. Her bowels are 
more constipated, a condition which dates practically from the onset 
of the present illness. She has no nausea or vomiting, the attacks 
are not associated with fever or feelings of general malaise. The 
general physical examination is negative. There is no tenderness 
or fixation of the spine; sacro-iliac and hip joints negative. The 
abdomen is soft and everywhere tympanitic. Stomach tympany 
not increased. There is distinct tenderness on deep palpation 
over the gall-bladder. Along the right flank there is also a slight 
response to deep palpation Over the region of the c#cum at 
Lantz’s point there is an area of tenderness with a sharp muscle 
spasm on deep palpation. Rectal examination negative. The 
urine is clear and the kidneys are neither felt nor tender. 

At the operation, a well-marked embryonic veil was found extend- 
ing down from the parietal peritoneum near the hepatic flexure 
over onto the ascending colon and cecum. The membrane em- 
braced the proximal part of the appendix. The appendix was re- 
moved and the veil incised. An exploration of the gall-bladder 
howed an embryonic band like a mesentery extending from the 
cystic duct up to the fundus over onto the transverse colon, where 
it was continuous with the omentum. Its character was exactly 
like that of the one found in the infant. This band was incised so 
that the gall-bladder and colon were liberated. There was no ques- 
tion of any inflammatory reaction about the gall-bladder. It hada 
smooth and glistening peritoneum, was not thickened, and its con- 


‘nts could be squeezed by gentle pressure into the duodenum, It 
contained no stones, 

[his case presents many interesting features. The patient 
had carried the pericolic membrane and the mesentery of the 
gall-bladder from birth without symptoms until the time of 
ier fall, when the supports of the large intestine were probably 
weakened so that the band about the colon began to interfere 


vith its funetion and a certain amount of traction was exerted 


on the gall-bladder by its omental mesentery when the patient 
took a deep breath or indulged in extra or unusual exertion. 
On such occasions the characteristic pain of the gall-bladder 
Liberation of both 
The patient 


radiating to the shoulder would oceur. 
bands relieved her of the symptoms completely. 
had three points of tenderness, namely. the gall-bladder, the 
iscending colon and the appendix. Bands on the two former 
organs were responsible for pain and tenderness, while the 


by 


roniec inflammation of the appendix was brought about 


the extension of the veil over its proximal portion. 


he conditions presented by these patients with embry- 


rical bands all simulate to a greater or less extent condi- 


tions that are familiar to us in chronie appendicitis. A dif- 


ferentiation between them is often diffieult, and sometimes 


mpossible, when the two conditions occur simultaneously in 
e same patient. The point to be learned is that a group 


diagnosis of chronie appendicitis will leave many unbenefited 


patients 1] the therapy is limited to an appendectom . The 


day of inch incisions for appendicitis is over and every case 
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of chronic appendicitis should have an incision large enough 
to afford an opportunity to explore the terminal ileum and as- 
cending colon. Such an incision heals as strongly as a small 
one if it is properly closed. A patient who takes an an- 
esthetic is entitled to have a visual exploration of the acces- 
sible portion of the abdomen made to supplement the less ac- 
curate clinical and pre-operative methods of diagnosis and in- 
vestigation, 

The study also emphasizes that we should ascribe patho- 
ogical significance to normal, but variable, structures with 
rreat hesitation. It is also essential to be familiar with the 
tvpe variations of the different viscera. Difficulties in the in 
terpretation of pathological conditions thus become simpler 


and the attempt to restore normal relationships easier. 
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EXPLANATION OF PLATES. 


Fic. 1.—Common type of membrane extending from the parietal 


peritoneum near the hepatic flexure downwards over onto the 
ventral aspect of the ascending colon. Caput ceci and appendix 
free. 

Fic. 2.—Embryonic membrane extending from the parietal peri- 
toneum over onto the caput ceci, involving the proximal portion 
of the appendix, which is kinked. 

Fic. 3.—Embryonic membrane extending from the parietal peri- 
toneum near the hepatic flexure onto the ascending colon and 
cecum. With the exception of the tip, the entire appendix is 
covered by the veil. The membrane extends across the colon and 
is continuous with the omentum. 

Fic. 4.—Marked veil over the colon, cecum, and proximal por- 
<inked and drawn upwards during 


tion of the appendix, which is 
descent. Note the thickened strands of connective tissue in the 
membrane causing irregular sacculation of the cecum and colon. 
A well-marked Lane’s band is present. 

Fig. 5.—Human embryo 15% ecm. long. Cxecum undescended. 
Secondary fusion between the parietal peritoneum and cx#cum. 
These secondary attachments between the parietal peritoneum and 
the embryonic intestine extend over the cecum and colon to the 
mesocecum and mesocolon. Descent of the cecum in a case like 
this leads to the formation of an embryonic membrane such as is 
shown in Fig. 1. The caput ceci, appendix, and terminal ileum are 
free. 

Fic. 6.—Human embryo 22 cm. long. Czecum partly descended. 
Embryonic membrane extending over the appendix and ascending 
colon. Elevation of the terminal ileum reveals the fusion between 
the posterior leaf of the mesentery and the ileum itself in the form 
of an embryonic Lane’s band. With an attachment like this, the 
ileum may roll on itself during descent. 

Fic. 7.—Infant at term. Caecum descended. Well-marked e1n- 
bryonic membrane extending from the parietal peritoneum over 
the ascending colon and cecum. Such a membrane results from 
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the descent of the cecum when the attachments in earlier em- 
bryonic life are like those shown in Fig. 5. This represents the 
embryonic form of the membrane illustrated in Fig. 1. The ap- 
pendix and terminal ileum are free. 

Fie. 8.—Human embryo 24 cm. long. 
Cecum fused to the parietal peritoneum, the process involving the 
appendix, which is kinked. The terminal ileum shows a partial 
fusion to the parietal peritoneum forming an embryonic Lane’s 
band. It is this type of fusion when it extends onto the caput ceci 


Cecum undescended. 


that gives rise to the type of veil shown in Fig. 2. 

. 9—Infant at term. Cecum undescended. Extensive attach- 
ment of the omentum over the cecum and ascending colon to 
e parietal peritoneum. Subsequent descent of the cecum with 
ymental attachments of this nature gives rise to the form of veil 
shown in Fig. 3. Elevation of the ileum shows the reflexion of the 
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parietal peritoneum onto the posterior leaf of the mesentery. This 
is the common type seen in adult life. 

Fic. 10.—Marked Lane’s band showing the kink and rolling of the 
intestine resulting from embryonic fusions between the terminal 
ileum and parietal peritoneum such as are shown in Figs. 7 and 8. 
There is also a well-marked embryonic membrane extending over 
the ascending colon and cecum involving the appendix, which is 
drawn up behind the cecum during descent. 

Fig. 11.—Marked Lane’s band and kink causing obstruction and 
dilatation of the small intestine. 

Fic. 12.—Infant 11 months old. Caecum undescended. Lane’s 
band. Omental mesentery to the gall-bladder. 

Fic. 13.—Omental mesentery to the gall-bladder causing symp- 
toms. Embryonic membrane over colon, cecum, and proximal 
portion of the appendix. 


REFLEX ALBUMINURIA. 


RENAL ALBUMINURIA SECONDARY TO IRRITATION OF THE 
URINARY BLADDER. 


By F. A. Evans, H. M. N. WyNNE and G. H. Wuippts, M. D. 


(From the Hunterian Laboratory of Experimental Pathology, The Johns Hopkins University.) 


Studies in metabolism conducted upon dogs, in which the 
rine may be obtained by means of a catheter or, perhaps, 
through a cannula sewn into the bladder, are often compli- 
ited by the appearance of more or less albumin in the urine. 
\t first thought, one might assume that this albumin was de- 
ived from the irritated bladder mucosa, but the amount is 
msiderable at times, and we shall attempt to show that this 


iibumin in great part is derived from the kidneys. It seems 


that this is a true renal albuminuria and that some nervous 
reflex must be responsible for it—that transient or continu- 
us irritation or inflammation of the bladder mucosa can cause 


he kidney. 


a irue reflex response on the part of The path 
if this reflex will be interesting to investigate, as well as the 
ition of various other stimuli upon the bladder or organs 
n the immediate neighborhood supplied by the same plexus. 

In some cases this reflex is so prompt and noticeable as to 
remove all doubt in one’s mind concerning the possibility of 
iwscending infection along the ureters. Whether the are is 
completed by the sympathetic chain or not is still to be de- 
termined, but it is an interesting observation that the renal epi- 
thelium can respond so actively to certain localized outside 
stimuli. 

li will be rather easy to approach this problem in the case of 
luman beings, especially in females. It is not difficult to 
Inagine some lJong-standing source of irritation (caleuli, 
tumors or eystitis) which might be associated with an albu- 
minuria of slight or progressive degree. A constant al- 
uminuria will be associated with casts and a certain grade of 
stagnation of urine in the tubules, which will handicap the 


adneys and lead to further injury—a vicious circle with pro- 


gressive degenerative changes. If this handicap is imposed on 


dneys already diseased, it may cause a progressive injury to 


renal epithelium and bring about sufficient damage to over- 


whelm kidneys which may be working close to their maximum 
capacity. 

That the presence of calculi in the ureter or kidney pelvis 
may cause interesting reflexes is familiar to all, but we have 
not found any observations upon the point in question—the 
reflex action of bladder irritation upon the kidney secretion. 

Paschkis reports some cases of vesical calculi showing al- 
bumin in the urine, and Eastmond reports two cases having 
renal symptoms with bladder calculi but neglects to say of 
what nature these symptoms were. Fenwick gives an account 
of an inflammation at the umbilicus resulting in a reflex 
evstitis, and calls attention to the difference between the em- 
rvological relationship that exists between the umbilical 
region and the bladder and that between the kidney and blad- 


der. Upon the knowledge of this difference he expresses the 


an ascending infection and _ possibilities 


opinion that, having 
of obstruction, a bladder calculus has no influence on the 
functioning of the tract. As opposed to this, Lewis expresses 
the opinion, based upon observation of his own cases, that a 
calculus anywhere in the urinary tract will cause albuminuria 
but makes no further observation bearing on the question 
under consideration here. ‘Treves reports in brief the case of 
a Newfoundland dog which died of uremia and showed at 


autopsy normal kidneys and a large bladder stone. 


Mernop 1. 


Dogs were used in all these experiments and usually fox terrier 
females, as they were best suited for our purpose. Only in very 
young dogs was it needful to dilate the vagina, and in no in- 
stance was the vagina cut to expose the urethral papilla, which 
favors bladder infection. Before operation the urine was in- 
variably tested for albumin, and, as a rule, the dogs were rejected 
which showed existing albuminuria. In our experience an al- 
buminuria of 4 gm. per litre (Esbach) is not a very infrequent 
finding in healthy dogs—especially older animals. The animals 





312 JOHNS HOPKINS HOSPITAL BULLETIN. 


were kept the greater part of the time in large cages but were 
allowed to exercise in the yard at various times. 

The foreign bodies introduced into the bladder were various 
The common five-cent piece, weight 5 gm., diameter 2 ecm.: mar 
bles, which were soaked in acid to remove their smooth coating 
and filed to further roughen the surface, weight 3.2 gm., diameter 
14% cm.; buttons, the common metal collar button and the familiar 
enameled bachelor’s button with two separate parts which snap 
together, weight 2.5 gm., diameter 1.7 cm. 

All operations were done under surgical ether anxwsthesia with 
aseptic precautions. Only the more complete experiments are 
cited here, but all our observations were in harmony and we 
believe that the experiments detailed below are sufficient to make 
our points clear. Urine was usually obtained by catheter, but when 
this was not available it was collected under a clean metabolism 
cage Dogs with a certain grade of cystitis are apt to urinate 
very frequently, and it is often difficult to obtain any consider- 
able amount by catheter. 

Albumin was detected in the urine by familiar clinical methods. 
(1) Heller’s nitric acid contact test, with urine diluted with equal 
volumes of distilled water. (2) Heat and dilute acetic acid. (3) 
Esbach’s test, using the reagent modified by Tsuchiya (phos- 
photungstic acid 1% gm., concentrated hydrochloric acid 5 cc., 
and ethyl alcohol to a volume of 100 cc.). In this test the urine 
was first diluted with equal volumes of distilled water. 

In washing out the bladder to obtain urine free from exudate 
from the bladder mucosa, it was found best to give the dog a 
large amount of water by stomach tube and await the appear 
ance of a brisk diuresis. When the diuresis was at its height 
the animal was placed upon a table, a catheter inserted and the 
bladder washed out repeatedly until the washings gave not the 
slightest evidence of any albumin. Urine was collected during 
the next few minutes, and this was looked upon as practically 
pure renal secretion, for it is difficult to believe that the degree 
of cystitis usually present could add any appreciable amount of 
albuminous exudate to the urine during this short time. 

The catheterization of the ureter was done usually on the left 
side, with as little handling of the tissues as possible. A small 
glass cannula was tied into the cut ureter a few centimeters be- 
low the pelvis, the urine collected, and later the kidney was ex- 
tirpated. Under anesthesia it is necessary to give normal saline 
solution intravenously to promote a satisfactory diuresis. 

Gross and histological examination of the kidney removed at 
operation or the entire urinary tract at autopsy was made in 
every instance The ureters and pelves were examined with 
especial care. The tissues were fixed usually in formalin and 
stained in the routine manner. 


Dog B-24. 
1-9-12. Dog, female, fox terrier, weighs 10.7 kilos (23.5 Ibs.), 
in good condition 
Operation: A five-cent piece was introduced into the urinary 
bladder. 
1-13-12. 71 ce. of urine pipetted from floor after giving animal 
300 cc. of water by the stomach tube. 


1-16-12. Animal weighs 10.3 kilos (22% Ibs.) and is in good 
condition. 
1-25-12. Animal weighs 9.5 kilos (21 lbs.) and is in good con- 
dition 
27-12. Gave 300 cc. of water by stomach tube. Diuretic time 


about 1 hour and 15 minutes (height of diuresis attained in 14 
hrs. after giving the water) 

1-30-12. Gave 300 ec. of water by stomach tube. Diuretic time 
about 1 hour and 30 minutes. 
»-1-"12 Animal weighs 9.4 kilos (21% Ibs.) and is in good 
condition. Gave 400 cc. of water by stomach tube. Bladder was 


washed as described above. Could not get urine for test. 
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2-312. Gave 500 cc. of water by stomach tube. Washed out 
bladder in usual manner. Collected urine during first 10 minutes 
of the washing (see table) and again at end of first 20 minutes 
after washing (see table). Albumin and few casts present. 

2-612. Gave 500 ec. of water by stomach tube. Washed out 
bladder in usual manner and collected urine for the following 15 
minutes. 

2-8-'12. Animal weighs 9.5 kilos and is in good condition. 

2-10-12. Gave 500 ec. of water by stomach tube. Washed blad- 
der in usual manner and collected urine during the first 15 min- 


utes following washing (see table) 

2-13-12. Gave 500 ce. water by stomach tube at 11 a. m., 700 
ce. at 1.15 p. m. and 300 ce. at 2.30 p. m. 

Operation: Catheterized left ureter about 3 cm. from pelvis of 
kidney 

3.45 p.m. 40 ce. of urine from bladder by catheter. 

3.50 p.m. Began infusion of sterile salt solution into right 
femoral vein. 

4.10 p.m. 500 ce. salt solution infused. 

4.20 p.m. 400 cc. salt solution infused. Urine started and 
flowed and bladder was catheterized (see table). 

5.35 p.m. 1600 ec. salt solution infused (total). Bladder cathe- 
terized (see table), and kidney removed. 

2-14-12. Animal died at 5.30 p. m. 


Autopsy, 540 p. m. Kidneys: Acute congestion, otherwise 
normal. Ureters: Normal. Bladder: Subacute cystitis. Lungs: 
Bronchopneumonia and edema. Other organs normal. 

Microscopical sections: Kidney removed at operation. The cor- 
tex shows congestion of all the vessels. The stroma everywhere is 
normal. The epithelium of the convoluted tubules is perfectly 
normal, and the glomeruli also are normal. The vessels of the 
pyramids are greatly congested. The epithelium of the collecting 
tubules shows a moderate grade of fat in fine droplets. Kidney 
removed at autopsy presents an identical appearance with the 
other. Bladder The epithelium is intact. It is considerably 
thickened, and the papilla in places are very conspicuous. ‘There 
is a suggestion of metaplasia of the epithelium in places. The 
submucosa shows engorged thickened vessels. It is definitely 
thickened and the tissue is infiltrated with large numbers of mono- 
nuclear cells, with occasional polymorphonuclear cells. 

Summary, Dog B-24.—A strong female fox terrier was 
operated upon and a five-cent piece introduced into the urinary 
bladder. The urine before operation was negative for albumin 
and casts. For a few days following the operation a large 
amount of albumin was present in the urine. Albumin was 
constantly present during the three weeks following the opera- 
tion after the animal was active and in perfect health, the 
wound healing per primam. Casts were first noted at the end 
of the third week and were constantly present in small num- 
bers after this. After a space of four weeks the dog was given 
500 ec. of water by stomach, and after diuresis was active, the 
bladder was rinsed out thoroughly and the urine collected 
during the next 10 minutes. This dilute urine contained 
considerable albumin, and it seemed certain that this albumin 
must have been derived from the renal and not from the blad- 
der epithelium. A few casts were present. The same pro- 
cedure a few davs later gave identical results. Albumin was 


present in the dilute urine—} gm. to the litre. 

At the end of five weeks the dog was operated upon and 
the left ureter catheterized. Diuresis was stimulated by 
intravenous injection of normal saline solution. Urine col- 


} } } } 


ted from the ureter and washed bladder showed albumin 
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nstantly present in about equal amounts. The dog had 2-3-'12. Gave 500 ce. of water by stomach tube. Washed blad- 
pirated some vomitus into the bronchi during the ether der 6 times, with 50 cc. of water each time, until the last washing 
—— ° i : 4 _ showed negative albumin test. 3 ce. of urine collected during 
anesthesia and died the next day with extensive pneumonia apie ; 

: 5 minutes after last washing. 


of one side. The autopsy was made at once and showed normal 9819 QC - y 
2-6-"12. Gave 500 ce. of water by stomach tube. Washed bladder 











kidneys, both the one removed at operation and that removed as before. 
at autopsy. Che ureters and pelves were normal. The bladder 2-812. Weight 9.4 kilos (20% lbs.). Animal in good condition. 
showed a moderate grade of subacute cysts, especially about 2-10-12. Gave 500 cc. of water by stomach tube. Washed blad- 
the opening of the urethra. der as before. Urine collected for 15 minutes following washing. 
DOG B-24. 
Oo ae Albumin. Cells. 
Date. “| Reac ee s ae 
oes 7 tion of F Casts. Remarks. 
a. Cage. Cathe- urine. Heller's Be oh = Gms. Color of Blood. Pus. Epithe 
ter. test. test. per litre. Esbach ppt. lium, 
Jan, 9. — 114 Acid. Neg. Neg. ‘ain piehatacenie Neg. Neg. Neg. Neg. 
Operation: Foreign body introduced into bladder. 
Jan. 12. 60 | o | ae Heavy. Heavy : i cednaae 0 r : Few 
Jan. 138. 96 . | Ac, Heavy. Heavy cnbecheanaee 0 + + Few 
Jan. 13 : 71 | Ae, Moderate. Moderate. alae senen 0 - Few 
Jan. 4. 130 | Ac. Moderate. Moderate. each ick 0 + + Few 
Jan. 14. nee 50 Ac. Moderate. Moderate . © aan é 0 | ~ + Few 
Jan. 15. 60 | Ac, Moderate., Moderate enbienwwets : 0 } Few. Few Few 
Jan. 16 65 Ac, Light. Light. pieiucndeaeaale 0 Few. Few Few 
Jan. 16. x0) Ac. Light. Light. : : penalaie 0 Few Few Few 
Jan. 18. 35 Ac. Light. Light. , res ie 0 Few Few. Few 
Jan. 21 250 ‘ Ac, Lignt. Moderate . onnees 0 Very few. Very few Few 
Jan. 21 28 oe Ac, Moderate., Moderate. nia nuccaieetaan 0 Very few. ' Few 
Jan. 22 5 Ac. Moderate. Moderate. li PS ae 0 Few. Few 
Jan. %. 35 . Ac. — Moderate alone 0 | = . - 
Jan. 24 105 Ac. Moderate.; Heavy. 1% Dirty gray 0 oe 
Jan. 25 eam 18 Ac. a Heavy. eeda-eaeiGebeeeinon _ — _ — 
Jan. 25 ; 15 | Ac. Moderate. - ky ” anil eouseensqeensaes | + 4+ + Few 
Jan. 26. 250 ‘ Ac. Faint. Distinct. ly aia ... A few liyal. and gran.) + + Very few). 
Jan. 27 50 as Ac. Heavy. Heavy 2 Dirty green. - - - 
cloud. 
Jan. 27 : 15 Neut, _— — comennbenei A few gran. + Few Few 
Jan. 28. 250 on Ac. Faint. Moderate ly Light gray. A few hyal.and gran. + Few Few 
Jan. 29 85 : Ac. Moderate. Moderate Ly aseaces : Very few hyal. r 4 + Few 
Jan. 30 82 Ac. Moderate. Moderate ky Green. Very few gran. r Very few Few 
Jan. 31 410 Ac. Moderate. Moderate. lay - saiteians Hyal. and gran. Very few. Few Few 
Feb. 1 : 15 Ac. Moderate. _ Ey See a Very few hyal. , Very few + 
Feb. 2. 280 2 Ac, Moderate. Moderate. rt ; a : Neg. Neg. Neg. Few. 
Feb. 3. eee 28 Ac. Heavy. Moderate. 16 White. A few gran. Neg. : + , ceca 
a) _ 6 | Ae. = Moderate. ; ‘cada abianeaca _- _— -- — | |Bladder washed and urine 
(b) : 6 Ac. — — ‘ ieeeneaiatatil A few gran. Neg. + + ‘| collected during diuresis. 
Feb. 4. 500 Neut. Heavy. Heavy ey Beer ine A few gran. | Neg. Neg. Few . ‘ : rae: ais 
Feb. 5. 50 ae Ac. Heavy. Heavy 3 WA ee Se Gran. and byal. Few Few + 
Feb. 6..; 185 Ac. Heavy. Heavy ] Dark gray Very few byai. Neg. Neg. + Jevseees . .* 
Feb. 6. : 25 Ac. — Heavy 4 2ale gray. Many hyal. and gran.) Neg. Neg. + + ~~ ~ ro and urine 
collected, 
Feb. 7 550 ‘ Ac, Heavy. Heavy a, ....... Very few hyal. and} + + + ‘ 
gran. 
Feb. 8 30 Ac. Heavy. Heavy 2 nihendenieens Some gran. + + 
Feb. 9 100 - Ac. Moderate. Heavy Ly eheeaanense A few gran. + + + + + 
Feb. 10 t Ac. Moderate. Heavy Ly ema . Neg. + + + + . : ° 
Feb. 10. +? eer _ Definite. = — _ - Bladder washed and urine 
collected, 
Feb. 12 20 Ac. Light. Light. ay eaevcees A few gran. Neg. Few Neg. 
Feb. 13. 50 3 Ac. —_ Light vase seresbeeheuan + + Few 
| 
Feb. 13 Operation: Ureter catheterized. 
4.300 p.m sek | SL Bearers he aie . ion : a “ — aia ee , ) 
= p.m , 7 > ee Pe on Heavy na -_ ae 
00 p. m ave i eee ER Ss : White. am rad | J 2 ste 
5.20 p. m —_ | i, See eee onl . 2 White. A few hyal. and many Neg. + Urine from ureter 
gran, 
5.35 p. m - SE ievsns ee) ear Moderate . ves ecveses - - 
(a sai 40 ere SN INT Heavy. ]- White. , eee : , . . . Urine from bladder 
b) me 7 pavaabesaucnene Moderate. 1+ White. A few hyal. and gran + + + + + Urine from bladder after 
. operation. 
Dog C-16, 2-15-12. Weight 8.6 kilos (19 lbs.). Animal in good condition. 


1 . ‘ > . > . ‘ 9.91.°19 ‘ "are raly 
16-12. Dog, female, fox terrier, mongrel, weight 8.4 kilos 2-21-12. Animal not very lively. 
(18% Ibs.), in good condition. Urine negative. 2-22-12. Weight 8.9 kilos (19.5 lbs.). Animal in good con- 


dition. 
3-30-12. Weight 9.1 kilos (20% lIbs.). Animal very fat and in 


1 


20-12. Operation: A marble was introduced into the bladécer. 
Weight of animal 9.1 kilos (20 Ibs.), in good condition. 


1-21-12. Animal in good condition. Wound dry. good condition. 

1-22-12. Animal lively. Operation: Catheterized left ureter. 

1-25-12. Weight 8.9 kilos (19.5 lbs.). Animal in good condi- 11.48 a.m. Began salt infusion into right femoral vein 
tion. 12.05 p.m. 500 cc. salt infused, 

1-30-12. Gave 350 ce. of water by stomach tube. Diuretic time 12.09 p.m. Urine started to flow. 
50 minutes. Motile bacteria in specimen of urine. 12.31 p.m. 1000 ce. salt infused (see table). 

2-112. Gave 350 cc. of water by stomach tube. Diuretic time 1.02 p.m. 1500 ce. salt infused. 


1 hour. Weight 9.1 kilos (20 Ibs.). 1.12 p.m. 1600 ce. salt solution infused (total). 
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1.15 p.m. (see (a), table). Catheterized bladder urine 
1.35 p.m Kidney removed, weight 34.5 gm. Normal through- 
out, 

1-1-'12. Animal died during night. 

Autopsy, 1.30 p. m. Right kidney weighed 32 gm. Cortex 
measured 7 mm. Normal. Ureters normal except for some dila- 
tation of the lower 3 cm. of their length. Bladder: Subacute 
eystitis. Lungs: Beginning bronchopneumeonia and @dema. Ab 

DOG 
(mt. ofurine 
Date in ce. Albumin. 
Reac — te - 
. tion of Heat and 
1912 Cage. |‘ og aenne. Heller's acetic acid |G™S. per aees od 
. test. test. litre. |Esbach ppt. 
Jan, 18 45 Ac. Neg. Neg. — See ee 
Jan, 20.. 50 Ac. Neg. Neg. 1, Dirty green. 
Jan. 20 Operation: Marble placed in bladder. 
100 Ac. Heavy. ee) ee eee ee 
100 Ac. _ _ Heavy. as ae 
125 Ac. (Very heavy. Very heavy. 5iky Pink 
Y 26 96 Ac. (Very heavy. Very heavy. Oe. flesiecesecccese 
Jan. 26 220 Ac Heavy. Heavy.  learesccaseaes 
Jan. 27 110 Ac. Heavy. Heavy. 4h, oa 
Jan. 28 50 Ac Heavy. Heavy. 3 Pink 
Jan. 29 180 Ac Moderate. Heavy. 3 baptaneuikan 
Jan. 30 50 Ac Moderate. Heavy. 1, Light gray. 
Jan. 30 150 Ac Light. Light jf CR. CER 
Jan. 31. 345 Ac Moderate. Moderate. CO een 
Feb. 1 180 Ac Moderate. Moderate. Th « faswecccieccees 
Feb. 2 00) Ac Moderate. Moderate. By ctenceieaccimelatn 
Feb. 3 1:0 Ac Moderate. Heavy. ly White. 
Feb. 3 i Ac 7 Ps. Do iccce. Ramaiadeeameaiee 
Feb. 4 wi) Ac Moderate. Moderate Me Indastawcnanwes 
Fel 150) Ac Heavy. Heavy. 3a occeseece 
Feb. 6 135 ° Ac Moderate Moderate. By Dirty gray. 
Fel 6 . 15 Ae Detinite. uy Light gray. 
Feb. 7 600 Ac. Light. Definite. Mea feccccccsccsces 
Feb. 8 50 Neut. | Moderate. Detinite. S  Kddawesconsened 
Feb. 9 150 ; Ac. Detinite, Detinite. S  Mesgoueas 
Feb. 10 - BS Lesvccsss - Detinite. ce . eenkenuteune 
Feb. 12 400 Ac Heavy. Heavy. 1 Light green 
Feb. 13 100 Ac Heavy wah | Kaeletandbieaen 
Feb. l4 70 Ac Heavy. Heavy. 2 Dark green 
on top. 
Feb. 15 100 Ac Heavy Heavy. lL, acnieecnenn 
Feb. 16 150 Ft. Ac Heavy. Moderate. Myf ecccccceccess 
Feb. 17 30 Ac Moderate. Moderate. ee, ee ee 
Feb. 19 50 , Ac Moderate. Heavy. 1. eeeeees 
Feb. 20 200 Alk Light. Light. la] White. 
Feb. 21 i7 Ac Very light Light. os White. 
Feb. 2 150 Ac Light Moderate 1, White. 
Feb. 23 150 Ac Light Light. ly Gray. 
Feb. 24 2 Ac Faint Very light. 1b W hite. 
Feb. 26 250 Ft. Ac Light. Moderate frowdsadcnseees 
Feb. 27 135 Neut Moderate. Moderate 1 W hite. 
Feb. 29 An) Neut Light. Light. lL, ; ied 
Mar. 1 100 Ac Light Light he ance 
Mar. 7 45 Ac. Light Moderate. 1 Light gray. 
Mar. 16 23 Ac Very light Light yo ieeneceneneene 
Mar. 18 12 Alk Very faint. rt 
Mar. 21 7 Ac Very faint . 
Mar. 26 9 Ac Light 
Mar. 29 10 Alk. Very heavy. Very heavy 
Mar. 30 Operation: Ureter catheterized. 
12.30 p.m, 8 Ac. | Light. Faint 
1.12 p.m I” Ac Light Faint ly 
a 60 Ae Light. Faint 1 
domen Acute peritonitis, surgical sponge left in abdominal 
cavity Other organs negative. 
Microscopical sections: Kidney removed at operation shows 


perfectly 


normal stroma, tubules and glomeruli. 


Kidney removed 


at autopsy shows perfectly normal stroma and glomeruli rhe 
epithelium of the convoluted tubules shows post-mortem change 
There is a small fibroma in the pyramid. The bladder shows an 
ntact epithelial covering which is somewhat thickened. The 
ibmucosa is greatly thickened and is full of dilated vessels. 
Wandering cells are very numerous here, chiefly mononuclears 


The other organs are negative 


Sunmary, 


identical witl 


negative be 
] 


17 . 
bladde # 


Casts appeare 


ditferent 


lore 
Albumin 
1 after a period of ten 


rvals 


Doq C-16. 


1 preceding one 


Was C( 


This 


nstantly 
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was 


The 


experiment 
Dog B-24). 
present after 


days. 


this 


urine 


practical 
we 


operation and insertion of a marble into t 


time. 


or months after operation) fr 


Urine obtained at 


y 





ini te (Weeks I 
the washed bladder or from the catheterized ureter during 
C-16. 
Cells. 
Casts ; Remarks. 
Blood. Pus. Epithe- 
lium. 
Neg. Neg. Neg. Neg 
Neg Neg. Neg. eee eee 
Neg. + Neg Neg 
Neg > - Neg. Neg. |. 
Neg. - Few. Verytew.. 
Neg. + + Few, Verytfew. 
Neg. > Very few. Veryfew)............ 
Neg. + Few. Few 
Neg. - + Few 
Neg. + + + 
Neg Few. Neg Yew. 
Few gran. Neg. Neg Few. 
Few hyal. + Vory Tew.) NEG. j-cccccccsceccecs 
A very few hyal. Few. Few. Gy Reet 
Numerous hyal. and Neg. Neg. ES EE REE EP rere 
gran 
Hyal. and gran. + + 
iran +t - - 
Hyal. and gran. + ~ Few 
A few gran. Neg. Neg. + 
; collected during diuresis 
Gran. and hyal Neg. Few. s web a eaiane bien ibieaiduaiadin 
A few gran. Neg. Few.  ‘Denexseciseneutsamuntaaatons 
A few gran + + ee ae TY OO ‘ 
Hyal. and gran. + - Bladder washed and urine 
; collected during diuresis 
Hyal. and gran. Neg. Few. ~ robe eninniecweseerpeuegnar 
Few. Neg. Few. Fa RRR 
Hyal. and gran -- n n 
Few gran Neg. } ee Se ee ee 
Numerous hyal. and Nex. Very few. Veryfew 
gran. : 
Few gran Neg. Very few Sel SERS ome ner eaek nme anes 
Nex. + Neg 
Few. A 
Neg. + + 
Neg. - Few 
+ Neg. - Few 
Hyal. and gran Neg. Very few Neg 
Hyal. and gran. Neg. + Few 
Hyal. and gran. Neg. c 
Hyal. and gran. Neg. boedivewnenasaccewsneentonracs 
Few. Few. co > ilivcsswensecdebeeqesneenanees 
One gran, Neg Few a. eee ee 
Hyal. and gran Few + Few 
‘ew Few + Few 
Few or | BF Ff Be fevccescevesencasesccscens 
Hyal. and gran. Neg. 
te 3 Few Neg. Neg. / |; > ° 
Neg. nelly Nex. New. } Urine from ureter. 
Very few gran Neg Few. |Urine from bladder. 
diuresis, showed constantly albumin in considerable amounts 
(3 to 2 gm. to the litre). It seems certain, then, that the 
greater part of the albumin found in the daily urine was 
excreted by the activity of the renal epithelium and not by th 
bladder mucosa. 
Dog C-41. 
o-d-'12. Dog, female, bull terrier, weighs 7.8 kilos (17% Ibs.), 
in splendid condition. 
Operation: Marble introduced into bladder. 


3-16 


12. 


Wound 


dog 


healed, 


n 


good condition. 











ee 


wt 


ty 
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21-12. Weighed 8.1 kilos (17% lbs.). Gave 500 cc. of water 7-17-12. Dog in good condition, weight 18 lbs. Abdominal 
by stomach tube. Diuretic time 55 minutes. Animal in good operation. Normal! saline intravenously to promote diuresis. 


condition. Urine collected every % hr. shows albumin constantly present 

}-26-12. Gave 700 ec. of water by stomach tube and washed 
bladder as described. Urine collected during the 20 minutes 5 p.m. Death and autopsy at once. Right kidney is definitely 
hypertrophied, but surface is smooth after removal of capsule. 


following washing. Animal in good condition, 
28-12. Weighs 8.1 kilos (17% lbs.). Gave 500 cc. of water by Cortex on section is thickened. Pelvis and ureter normal. 


Bladder is thickened somewhat and contracted about the marble, 


stomach tube and washed bladder with negative result. Animal 
There are no ulcers. 


rood condition. which is frosted with deposits of gray color 


DOG C-41. 








Amt. of urine , , 
ate. in ce. Albumin. Cells. 
Reac- |_ 
s tion of Heat and Casts. Remarks. 
2 Cage, |Cathe-|urine.| Heller’s | aceticaciad @™S.per| Color of Blood. Pus. Epithe- 
ter. test. . litre. |Esbach ppt. liuan, 
test. i 
Mar. 5 aaa 70 Ac. Neg. Very faint. ly sal iti ea Neg. Neg. Neg. Neg. 
Ma 5 Operation: Marble placed in bladder. 
Mar. 9 250 wens Ac. Heavy. Moderate. ly ecncceseses Hyal. and gran, Few. Few Few 
Mar. 16 seit 38 Ac. — Slight. ee Coe Neg. Neg Neg. , 
Mar. 18 , 48 Alk. | Very faint. Faint. Tr aceilebiabinhit Few hyal. Few, Neg. Neg. 
Mar. 19 ; 30 Ac Very light. Moderate. ly Dirty olive Few hyal. Few. Few + 
green 
Mar. 21 : 52 Ac. Very light. Moderate. 1, eae Neg. Neg. Neg. Few. 
Mar. 22 530 . Neut. Light. Moderate. Neg. soonuiaai _ — - 
Mar. 23 15 Ac. Light. = ls Greenish Numerous. + + 
tinge. 
Mar. 25 asee 58 Ft. ac. Very faint. Moderate. Ay sgsenane Neg. + 
Mar. 26 . 4) Ac. Light. Moderate. l Light gray. - Nex. - - 
Mar. 26 - a a Ae wseseeeee Moderate. — societal . init jan : — bas Bladder washed and urine 
collected. 
Mar. 28 ieee 7 Ac. ~ Faint. aves iekdame + Few Few + 
Mar. 29 . 13% Ss Ft. alk. Faint. Light. 1s Light gray. Very few. Neg Very few. Few. 
Apr. 2 : lk Ac. - Light. 1% Gray. Very few. New. Very few Few, 
Apr. ll uae 24 Ac. Heavy. Moderate. ly Dirty yel Few. Few t Few. 
low. 
Apr. 16 acs 117 Alk. Neg. Neg ly Dirty green. Neg. Neg. Neg. Nex. 
Apr. 20 ae 7 Ac. _ Light. Tr. Light green. Neg. Neg. Few. Neg. 
Apr. 23 = 95 Ac. Neg. Very light. ro Greenish Neg. Neg. Neg. Neg, 
: gray. 
Apr. 29 - 53 Neut. Very faint. Light. Yo Light yel Few. Very few.) Neg. Very few 
low, 
May 4 << Se A Pe eon ne) Es aoe saute eae = . 
May 4 a 8 Ac. — Light. ae, Sea Neg. Neg. Neg. Few Bladder washed and urine 
collected. 
May 6 35 Alk. Heavy. Heavy. ly Grayish Neg. Few. : Few 
green. 
May 7 ; 65 Ac. Light. Moderate. My White. Neg. Very few. Neg. Neg. 
May 7 Operation: Removal of left kidney. 
May 11 seen 55 Moderate. | Moderate 4 Light gray. Neg. Neg Few. Few. 
May 14 aiiipn 93 Light. Light. y Gray Very few Neg. Very few Few. 
May 16. 85 Light. Light. a Gray. Two casts, Neg. Neg. Few 
May 16 . 25 Light. Light. ly White. . Neg. Neg. ’ + Wladder washed and urine 
. collected during diuresis. 
May 18 bites 15 Ac. Light. Moderate ly Greenish Neg. Neg. 
tinged 
ay 4 esas 50 Moderate. Moderate. lay Dark gray Neg. Neg Neg. Few. 
ay 27 - 29 osescdccevcccloves osee S008 ee ae ° oe + 
May 29 9 Heavy. Heavy. 2 Gray. Few hyal. ~ Neg. Neg. 
Ju 17 
8.15 a.m 12 ‘nen 4 Neg 


10.45a.m. Operation: Eck fistula produced—saline intravenously. 





> it: idanaaunes ; 2k, 
5 aeaens kickirnan 2hy 
12 rey Re ie ; 2y 
20 RN, Meer ere 2Iy 
57 Ai RT : oD 
t-11"12. Animal weighs 8.2 kilos (18 lbs.) and is in good con- The mucosa of fundus is normal, of base is mottled with reddish 


areas and indefinite nodules—a subacute cystitis. 
The glomeruli, tubules and stroma are 
con- 


Microscopical sections: 


1-30-12. Weighs 8.7 kilos (19% lIbs.), has mange. 
5-412. Gave 600 cc. of water by stomach tube and washed quite normal. Some of the tubules are a little dilated and 
bladder as described. 8 cc. of urine collected during the following tain pale, hyaline material (casts). There is no evidence of any 
beginning chronic nephritis. Bladder shows areas in which the 


12 minutes. Condition excellent. 
va ‘ * . : -.9 > > j e > Tt > ~-Oas i j } rate t} ¢ 
7-12. Operation: Removal left kidney. Weight 23 gm. epithelium is thickened. The submucosa is infiltrated with a 
NT _ . . 9 ‘ Jear cells. s » of j ts b] i pig- 
Normal in gross and microscopically. good many mononuclear cells, some of which contain blood pi; 
11.715 Tot ' , . sa ment. The blood-vessels are rather conspicuous with thickened 
12. Weighs 8.4 kilos (18% lbs.). Condition good. se weinoye2 : : ° 
720 ee a : a eh walls. The muscle of the bladder shows definite hypertrophy 
12. Weighs 8.6 kilos (18% lIbs.). Condition excellent. 
presented a very slight 


Gave 700 cc. of water by stomach tube and bladder washed. 9 Summary, Dog C-41.—This animal 
cc. of urine collected during the following 12 minutes. albuminuria before operativn, but in general the observations 
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confirm those of the previous ones. This animal was not as 
sensitive to bladder irritation as many dogs, but is of interest 
because of the prolonged observation and a general tendency 
of the albuminuria to increase. 


Removal of one kidney had no appreciable effect on the 


other organ, unless a slight amount of the albumin could be 
attributed to the extra work thrown upon the single organ. 


Autopsy showed the usual subacute cystitis, but normal ureter 
and pelvis with a kidney practically normal except for a 
uniform ‘hypertrophy. The tubules contained a few casts, 


but there was no increase in connective tissue. 


Dog C-54. 
4-312. Dog, female, mongrel, weight 7.7 kilos (17 lIbs.), in 
good condition. 


4-412. Operation: Collar button sutured into bladder wall. 
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5.36 p.m. Catheter passed and 5 cc. of urine taken. 

6.00 p.m. 2000 cc. of salt solution infused. 

6.25 p.m. 3000 cc. of salt solution infused. 

6.30 p.m. Urinated about 30 cc. 

6.55 p.m. 3250 ce. of salt solution infused (total). 

7.00 p.m. 7 ce. of urine collected and cannula taken from 
ureter. Kidney removed. Weighed 28 gm. Normal. 

5-24-12. Animal found dead in cage at 9.00 a. m. 


> 


12 Noon, autopsy. Right kidney weighed 30 gm. Normal in 
gross. Ureters normal. Bladder contracted, did not contain any 
urine. Button was firmly encapsulated in fibrous tissue on the 
serous surface, by the @dematous bladder wall. There was some 
injection of the mucosa around neck and area surrounding but- 
ton. A very small calculus was found in the bladder near the 
button. It was about 4 mm. in length and 1 mm. in largest 
diameter. It was formed around a small piece of silk suture in 
the wall of the bladder. Chronic cystitis around area near button. 
Other organs normal. 


DOG C-54. 
Amt. of urine — 
: Bet ‘ Albumin, Cells. 
Date. . Reac- 
tion of Casts Remarks. 
2 y — Heat and ' os asts. ; 
1912. | cage, Cathe: urine. Heller's aceticacia Gms. Color of Blood. ee Epithe- 
. test. test. per litre. Esbach ppt. lium. 
Apr. 3. ee 64 Ac, Neg. Neg. a, Brown. Neg. Neg Neg. Neg. Very concentrated urine. 
Apr. 4 : 28 Ac, Neg. Neg. 's Brown. Neg. Neg. Neg. B. Brecewceendenes eiieteneuieks 
Apr. 4. Operation: Button fixed in bladder wall. 
Apr. 12 Hh, i Lien IGESEOEGE ehka \Dednearsan Neg. Few. + ~ ; aupngnkinbiern 
Apr. l4 ee 4 Bs. lowrveccncus _ ‘ eke weseeeeeees Few hyal. and gran. - + + 
Apr. 15. ; 7 Alk. Light. Light. , Dirty blue. Few. Very few. Very few. Few. 
Apr. 16 , 3 Ble jewnns Re irr uence smcaia ecbataldlediitiiatid - wie Few. Few. + + 
Apr. 18 65 : Ac. Light. Light. rrace. White. Few. Neg. Neg. Few. 
Apr. 2 - 2 Ac ee gcawel eae pene aaa és Few. + + + tiiepbanea has ee 
Apr. 30 ee 16 Ac. Moderate. Moderate. 1 Light brown Neg. + + Few. Few. balan eacenalie hia oumeuneletiearmo sees 
May 4 4 PE, laowccctscseslvecceese iver chee Numerous gran + Few. Few. oreccccossccecscecscsece 
May 6 os 4 AG. floesecccvccceleoes seme ‘ew, - - Few. eevee canes owe 
May ll.. 2 9 Ac. Light. Moderate. onkes aau — Few hyal. Neg. Neg. + + 
May 11 58 ones Alk. Light. Heavy. iH White. - _ — Se fesaweseecevenceeveneien 
May 16.. as bly Ac. Light. Light. , aces acini: eahitadiaa/ taehiaiaao bid taatinenaieed eats ae Pee! I Ro ated ‘ : ceniaiials i la os 
May 21 ee 8 Ac. Moderate. Light. lh, White. One hyal. Few. Few - Bladder washed and urine 
collected. 
May 23. “ 50 Ac. Moderate. Moderate. x, White. Few. Very many. Few. Be. "liccieiuacdldnahatweeadeuiemasuienias 
May 23. Operation: Catheter in ureter. 
Moderate. _ ly, White. Few, Very few. Neg. Neg. Urine from ureter. 


May 23 we 7 Ac. 


4-11-12. Weighs 7.3 kilos (16 lbs.). Wound in good condition. 
Animal lively. 

1-19-12. Gave 500 cc. of water by stomach tube. Diuretic time 
30 minutes. Weighs 7.9 kilos (17% Ibs.). 

4-30-12. Gave 500 cc. of water by stomach tube. Animal 
weighs 7.2 kilos (16% lbs.). 

5-3-'12. Animal has diarrhea and distemper. 

5-11-12. Gave 700 cc. of water by stomach tube. Animal has 
distemper 

5-14-12. Gave 700 cc. of water by stomach tube and washed 
out bladder, but could not collect enough urine for test after 
washing. 

5-21-12. Gave 600 cc. of water by stomach tube, washed blad- 
der and collected 8 cc. of urine during the 15 minutes following 
the washing. 

5-23-12. Operation: Catheterized left ureter about 4 cm. from 
pelvis of kidney. 

1.50 p.m. Began infusion of salt solution into right femoral 
vein 

5.00 p.m. 500 ce. of salt solution infused. 

5.20 p.m. 1000 ec. of salt solution infused. 


5.30 p.m. Urine began to flow. 
05 p.m. 1500 ec, of salt solution infused. 


Microscopical sections: Kidney shows no abnormality of the 
stroma or glomeruli. Some of the tubules contain a good deal of 
granular coagulum, and others indefinite casts associated with a 
certain amount of dilatation of the lumen. Bladder shows a 
moderate grade of thickening of the submucosa with infiltration 
by mononuclear cells. The epithelial covering appears normal. 


Summary, Dog C-54.—This dog differed somewhat in that 


the foreign body was fixed in the fundus of the bladder—a 
} 


metal collar button with its broad 


cavity, and its head in the peritoneal cavity. This operation 


ase inside the bladder 


caused a certain amount of cystitis and localized peritonitis, 
with a resultant albuminuria. It will be noted that the al- 
buminuria was more pronounced following a bladder irriga- 
tion, and in general showed a tendency to increase slowly in 
amount. Urine obtained from the ureter at operation showed 
a considerable amount of albumin. Autopsy showed localized 
cystitis about the button and a small caleulus adherent to a 


thread in the bladder wall. The kidneys were normal except 


} 


for a few hyaline casts and slight dilatation of the tubules in 


places. 
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Doe C-59. 

1-16-12. Young female fox terrier, weight 6.8 kilos (15 Ibs.), 
in poor condition. Unable to catheterize. 

4-18-12. Dilated vagina under ether 

1-25-12. Dog in fair condition. Operation: Marble introduced 
into the bladder and a “ bachelor’s button” sutured into the wall 
of the bladder. 

1-28-12. Observed animal pass a few drops of bloody urine, 
and upon catheterizing the marble was dislodged from the neck 
of the bladder and about 20 cc. of urine drawn off. 

5-13-12. Found in cage very sick. About 25 cc. bloody fluid 
drawn off when catheter was introduced. Made subcutaneous in- 
jection of sterile salt solution and irrigated bladder. Died 5.00 


D. m 


Autopsy, 5.10 p.m. Kidneys: Right weighs 28 gm. Left 25 gm. 
They are quite normal in gross. Ureters are normal. Bladder is 


nective tissue as well. Some sections show extensive hemorrhage 
and edema involving a part of the muscle coat as well. 


Summary, C-59.—In this experiment a marble was placed 
in the bladder, and in addition a large button was fixed in 
the fundus of the bladder. This was associated with a high 
grade of albuminuria, of which a part was probably derived 
from the inflamed bladder mucosa. No washing of the blad- 
der nor ureteral catheterization were accomplished, as the 
animal died from acute cystitis with leakage of urine into the 
abdomen and general peritonitis. It is of interest to note 
that the inflammation had not extended up the ureters in 
spite of obvious obstruction, and that the kidneys were free 
from acute inflammation. This is to be compared with the 
following case where an ascending infection was present. The 


DOG C-59. 


























Amount of urine : : 
in ce. Albumin. Cells, 
Date. z ___—s— Reaction P cc ee ~~ 
ae of Casts 
, Heat and asts. 
919 ti . . : 
1912. Cage. | Catheter.) Urine- Heller's acetic acid ™S8. per Color of Blood. Pus. Epithelium. 
test. test. litre. Esbach ppt. 
Apr. 20.. — 47 Ac. Neg. Neg. Trace. Dirty gray. Neg. Neg. Neg. Neg. 
Apr. 23 caer 3 Ac. ye tae EE, SORE TETRA asia Neg. Neg. Neg. Few. 
Apr. 25. Operation: Foreign bodies placed in bladder wall and lumen. 
Apr. 29 omnis 17 Alk. Heavy. Moderate. 21. Gray. Neg. + + Few. + 
Apr. 30 wile 55 Ac. Heavy. Moderate. lly Light gray. = + + + = - 
May 7 ean 46 Alk. Moderate. Heavy. 1 White. Neg. ~ - Few. 
May ll eees T _ - Moderate. na RSE Neg. Neg. + Few 
DOG C-34 
Date. “ a ar gene Albumin. Cells 
“ Reac- 
’ tion of Heat and Casts. Remarks. 
1912 Cage. | ‘ athe-| urine. Heller's cautions Gms.per Colorof Blood Pus. Epithe- 
ter. test. test. litre. Esbach ppt. lium, 

Feb. 15 es 35 Ac. Neg. Very faint. Yo Dirty green. Neg. Neg. Neg. Neg. 
Feb. 17 anal 30 Ac. Faint. Light. Ly Gray. Neg. Neg. Neg. + ciate tamiiaiainaial ' ‘ 
Feb. 19 170 ‘inane Ac. Light. Heavy. By Gray. Many. Few + + Cystitis from catheter. 
Feb. 2 bee 12 Ac. — Light. . ne - - - + mPa ented +e 
Feb. 20 Operation: Marble placed in bladder. 
Feb. 22 125 esece Ac. (Very heavy. Heavy. 8 Drab. ++ + 
Feb. 23 200 eee Ac. Very heavy. Heavy. 4 Dirty green. 
Feb. 24 240 inne Alk. _ Very heavy 3 eeeee 
Feb. 24 45 one Neut. Heavy. Heavy. 3 : - Few 
Feb, 25 ain 8 Ac. Moderate. | Moderate —_ ; 
Feb. 25 ; 55 Ft. Ac. Moderate. Moderate lly Neg Neg. + + Neg 


dilated with bloody fluid, and in places the wall seems friable 
and partly necrotic. The mucosa is deep red mottled and green- 
ish in places. The serous surface is injected. The urethra is 
practically normal. The peritoneal cavity contains 225 cc. of 
blood-stained fluid, and the serous surface shows beginning fibrin- 
ous inflammation. A part of this fluid certainly was derived 
from the urinary bladder, although no definite leak could be 
demonstrated at the time of autopsy. 

Microscopical notes: Kidney: There is no increase in connec- 
tive tissue. Glomeruli are normal. Many of the convoluted tu- 
bules contain definite casts and are dilated. One sees, too, con- 
siderable granular pink-staining material in the lumina of the 
convoluted tubules. The blood-vessels are widely distended. The 
collecting tubules and pyramids show numerous characteristic 
hyaline casts. The bladder shows extensive ulcers with necrosis 





involving the mucosa and submucosa. The submucosa is edema- 
tous and infiltrated with great numbers of wandering cells, many 
of which are polymorphonuclears and show some increase in con- 


kidneys under the microscope showed numerous hyaline casts 
and evidence of considerable albuminuria, but no evidence of 


acute or chronic nephritis. So it is very evident that much 


of the excreted albumin was derived from the kidney. 


Dog C-34. 

2-15-12. Dog, female, mongrel, weight 5.9 kilos (13 Ibs.), in 
good condition. 

2-17-12. 400 cc. water by stomach tube. Diuretic time 1 hour, 

2-20-12. Operation: Marble introduced into the bladder. Ani- 
mal in good condition. 

2-22-12. Animal weighs 5.4 kilos (12 lbs.). Wound in good 
condition. 

2-24-12. Animal very sick, vomiting and diarrhea. Wound in 
good condition. 

2-25-12. Animal very sick. 
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unsuccessful attempt to catheterize ureter 


of blood-tinged urine was collected. 


Made 
and collect About 2 ce 
Animal died 3.10 p. m. 


Operation: 
urine, 


Ureters: Purulent 
Acute local peri- 


3.25. Kidneys: Pyelonephritis. 
ureteritis. Bladder: Acute ulcerative cystitis. 
tonitis in region of bladder and slight general peritonitis. 
Other organs normal. 

Kidneys show the usual picture of sup- 
purative pyelonephritis, with of polymorphonu- 
clear leucocytes in large masses and columns extending through- 


Autopsy, 


Lungs: 


(idema, 
Microscopical sections: 


great numbers 
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ureters. No urine was obtained from the washed bladder or 
ureter by catheter. 
Dog C-38. 
3-212. Dog, male, mongrel, weight 7.7 kilos (17 lIbs.), poorly 
nourished. Collected 8 cc. urine in beaker while animal was 


being anesthetized. 


Overation: Catheterized left ureter about 3 cm. from pelvis of 
kidney. 
12.50 p.m. Started salt solution infusion, right femoral vein. 




















out the cortex and medulla. In places the tubules show a good 12.52 p.m Urine started to flow. 
DOG C-38. 
Date. ss —— Albumin. Cells. 
1 oe. > . 
tear - . 
. tion of Heat and Casts. emarks. 
1912 Cage. | ‘ athe- urine.| Heller's acetic acla Gms.per Color of Blood. Pus. Epithe- 
ter. test. test. litre. Esbach ppt. lium. 
Mar, 2 165 Ac. Very light. Light. tb Greenish. Hyal. and gran. Neg. Few. Neg. Spermatozoa numerous. 
Balanitis +. 
Mar. 2 7 Ac. -- Light. D beheonnns Few Neg. Few. Neg. Caught in beaker. 
Mar. 2 Operation: Ureter catheterized. 
12.56 p.m 3 Neut. niconinnaed ieee (atl ao oe Neg + Neg SS Tia ccnnacis Gheisk Gdacebiiecelaiemereanianees Umaie 
1.02 p.m 5 Neut. Light. rrace coos  fecsecccccsonesiscoes coveselecoscesecelecsseconcocetoseeseseccocecoucse 
1.11 p.m. 10 SP, lorsceaveanwene Trace. a  tisexnsernagedweahanee - se 
1.18 p.m. 10 Neut. Light. Trace. - Neg. Neg Neg. 
1.27 p.m. 10 Neut. - Trace, EE RES eee oie : i 
1.43 p.m . 17 Ac. Light. _ Neg. 1's Neg + +? 
6.00 p.m. 550 Ac. Neég. Very light. =e. Neg Neg. Neg 
Mur. 5 18 Alk. Very light. Light. a 6 ganieeuauions + Neg Neg 
Mar. 7 140 Alk. Light. Moderate. 1, Pink Neg. Neg Neg. 
Mar. & 90 Ac. Very light. Very light. . ‘Reaakeseinsins Few. Neg. Neg. 
Mar, 9 150 Ac. Faint. Very light. aa, Beers Few Neg Neg 
Mar. 11 60 Ac. Light Moderate. GB _—s Poweccecnnccecsisanceseseccncesconssonscleesencenctes coosooesenssicesses 
Mar. 23 Operation: Ureter catheterized. 
| 
11.09 a.m. 4 Ac. -- 7 | -- 
11.30 a.m. 11 Ac. Light. ? Yo 
11.53 a.m. ll Ac. Light. Light. - ; oecseeee ceeceees 
12.13 p.m. 14 Ac, Light. Light. ee reer ne A very few hyal. ~ Neg Neg. ; 
Saaiannen 50 Ac. Heavy. Heavy. iy ccahneatuhine "ew. + Neg. Few. | Very conc. urine obtained 
from bladder at autopsy. 
DOG §-11. 
A unt of urine . 
ia oo a . F Albumin. Cells. 
Date, Reaction ; 
oO ¥ : > 
2 > . Heat and , : ; Casts. 
1912. Cage. Catheter. urine. Heller's acetic acid Gms. per Color of Blood. Pus. Epithelium. 
test test. litre. Esbach ppt. 
Apr. 13 65 Ac. Very light. Light. lL, Light yellow. Few Neg. Few Neg 
Apr. 13. Operation: Ureter catheterized. 
12.11 p.m 3 Ac. Very light. beacamas wacein Ee ee indeed ou aipam kas ean ohiek tebananne 
11.85 p.m ll Ac. - Very light. Trace. White. Neg Neg Neg Very few. 
1.15 p.m 9 Ac, Very light. Very light. Trace. MP; . «Bitcunwawewdosuie pices Culewas lacked pidinbkGukke colsacianainilaabeannuaaeabaae 
deal of injur and again they are relatively normal. There is 1.04 p.m. 500 cc. salt solution infused. 
considerable @dema and congestion. The ureter shows a defi- 1.38 p.m. 1000 cc. (total amount) salt solution injected. 
nite acute inflammation, particularly of the submucosa, and pus Operation: Left kidney removed; it was normal. 550 ce. of urine 
cells in considerable numbers are found in the lumen, in the collected from cage a few hours after operation. 


mucosa and the edematous submucosa. Bladder wall shows loss 


of substance, in places extensive hemorrhage into the submucosa 


associated with a great deal of edema and numbers of wandering 


OUuMmnary Dor C-384. This dog shows a characteristic ic- 
| f ] 

acute cystitis with an ascending ureteritis, pyelitis and 

is with miliary abscesses. There 


It is probable that this dog was infected 


onephri Was an acute 


ocalized peritonitis. 


Lore operation by catheter and the foreign body intensified 


the inflammation, with its spread into the bladder wound and 


3-7-'12 Animal in fair condition, weighs 7.3 kilos (16% Ibs.). 


Wound broken down through skin and subcutaneous tissues. 
3-21-12. Animal weighs 7.7 kilos (17 lbs.). Wound healed. 
Condition fair 
3-23-12. Operation: Catheterized right ureter about 3 cm. 


from pelvis of kidney. 


10.55 a.m. Began infusion of salt solution into left femoral 
vein. 

11.00 a. m Urine started to flow. 

11.05 a. m. 500 ec. of salt solution infused. 

11.20 a. m. 1000 ce. of salt solution infused. 

11.55 a. m 1500 ce. of salt solution infused. 
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H {nimal bled to death from femoral artery. Removed bladder 12.10 p.m. 500 cc. salt solution infused. 
entire, with 50 cc. of concentrated urine. 12.30 p.m. 1000 ce. salt solution infused. 
- : 12.50 p.m. 1400 cc. salt solution infused (total amount) 
0p.m. Autopsy. Right kidney: Weight 40 gm. Two small 1.15 p.m. Urine collected (see table) 
infarcts were present. Otherwise the cortex was normal except Operation: Left kidney removed, weight 37 gm. Normal in 
for a little hypertrophy. Ureters normal. Bladder normal. Other gross. Microscopically there is no increase in connective tissue. 
organs normal. The glomeruli and convoluted and collecting tubules are normal. 


4-18-12. Animal weighs 6.4 kilos (14 Ibs.). 
4-27-12. Animal in good condition. Wound healed excepting 
two or three stitch abscesses. Used for another experiment. 


Summary, Dog C-38.—This experiment and the one follow- 
ing serve as controls for the catheterization of the ureters. It 
is seen that this procedure does not call out any albuminuria. 


Extirpation of one kidney may cause a slight albuminuria, Doa C-50. 
associated, perhaps, in part with the excess work thrown upon 4-30-12. Young dog, female, mongrel, weight 8.6 kilos (19 lbs.), 
the other organ. Catheterization of the second ureter shows in excellent condition. 


DOG C-50. 


Amount of urine 


in or Aibumin. Cells. 
Date. vescthisisee Reaction 
of ‘s . 
1912 Heat and Casts. 
1912 . . 2 ‘s }ms > ) 7 
Cage. Catheter. Urns. Heller's aceticacid Gms.per Color of Blood. Pus. Epithelium. 
test. test. litre. Esbach ppt. 

May 4.. dei 43 Ac. Light. Moderate. Trace. White. Neg. + + + Few. 
May 10 bi 20 Ac. : Light. Light. Trace. White. Neg. Few. + + Few. 
May ll ae 72 Ac, Very faint. Light. - heastkneneenedas Neg. Neg. + Few. 


May ll. Operation: Bladder treated with 1 per cent silver nitrate for ten minutes. 


| | 
May 14 eae | 15 — Moderate. Light. _— a ee dient dddinceianbidic deat te achteicinnies gail Ratnsibarammesbaeandetcaan le 


May 14. Operation: Bladder treated as before. 


May 16 ens 10 Ac. Heavy. Moderate. ES Se renee Two casts. + Few. Few. 
May 16. 30 ee Ac. Heavy. Heavy. 2k, Drab. —  ‘jepadodehescebonesialanceneupeaenesseaubestace a 
May 17 675 ine Ac. Heavy. Heavy. a Drab. Many. Neg. Few. + 


DOG C-80. 





Amt. of Albumin. Cells. 
Date, urine Reaction 
in ce. of He i Casts. Remarks. 
1922. 9 eat anc . Q . - 
a : urine. Heller's seticaciad Gms. Coior of Blood P Epithe- 
> Catheter. test. “sy ‘“ per litre. Esbach ppt. — - lium, 
May 24 50 Ac. Light. Moderate. vs Dark gray. Neg. + + Neg. Pee lecvcccsccececs 
May 24. Operation: Bladder treated with 1 per cent silver nitrate solution for five minutes, 
May 29 30 Aik, Moderate. Moderate. 5 Gray. Neg. + : i. |. csscenasnieeieenanneaee 
May 29. 24 Ac. Heavy. Moderate. 1 White. Neg. Neg. Neg. Few. Bladder washed and urine 
collected during diuresis. 
May 30.. 40 Ac. Very light Light. a Gray. Few. Few. { POW. levccccccsocnccceccseseecscee am 
a. 5 Ac. — Light. — -- Neg. Neg. Neg. Neg. Bladder washed and urine 
collected during diuresis. 
| ). 1] Ac, Light. - ly White. Very few. Few. Neg. + (See Notes.) 
an interesting finding. The concentrated bladder urine con- 5-11-12. Weighs 8.7 kilos (19% Ibs.). Irrigated bladder with 
tes | . Laos . 100 ce. of a 1 per cent silver nitrate solution in water for 10 
tains much more albumin than does the urine obtained during I : 
f tl] t Tl 1: > : 1 My minutes, under ether. 
aiuresis ITo > reter. e diuresis dilutes the é . , — sas ; : - 
eeheapes " 2 ” soars —  GlOeasen 5-14-12. Vagina very sensitive. Irrigated bladder with 50 c¢ 
’ which is being excreted. It is interesting to compare this of a 1 per cent silver nitrate solution in water for 10 minutes, 
finding with those in other experiments where bladder irrita- under ether. Animal not very active. 
tlon a catheter is present and we find more albumin in the 5-21-12. Animal found very sick. Operation: Attempted to 
oT - - . . . } . catheterize right ureter and collect urine, but animal died about 
al urine at this ime than in that collected just pre- : 2 , 
of 1. f — 10 minutes after start, 
, 1OUS from the bladder. 
; Autopsy at once. Kidneys: The right kidney weighs 25 gm. 
Doe 8-11. and is normal in gross. The left kidney weighs 63 gm. and pre- 
1-13-12. Dog, male, mongrel, weight 6.4 kilos (14 lbs.), in poor sents the characteristic picture of pyelonephritis. Its cortex is 
condition. widened and streaked with opaque yell>w lines containing puru- 
Operation: Catheterized left ureter about 3 em. from pelvis of lent material, alternating with reddish zones of hemorrhage. 
kidney and later removed left kidney. The pyramids and pelvis are involved in this acute inflammation. 
12.00 m. Began infusion of salt solution into right jugular Bladder: The mucosa is ulcerated ana the bladder wall gangren- 
vein, ous, being of a mottled reddish green color. The serous surface 
12.07 p.m. Urine began to flow. of the bladder shows an acute fibrinous inflammation, but the 
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peritonitis is localizec in the pelvis. The other organs are nega- 
tive. 

Microscopical section: Kidney shows an extreme grade of 
cedema, hemorrhage and infiltration of the greater part of the 
cortex with pus cells. Many of the tubules are destroyed. The 
purulent inflammation involves the tips of the pyramids and 
pelvis. Bladder shows extreme cedema of all its coats, with ne- 
croses involving the mucosa, submucosa and parts of the muscu- 
lar coats, associated with more or less hemorrhage and great 
numbers of pus cells. The left ureter shows w@dema of its sub- 
mucous tissue with injection of the blood-vessels and numerous 
wandering cells, particularly polymorphonuclears. 


Summary, Dog C-50.—Silver nitrate was used to produce 


a severe chemical cystitis, which developed into an ulcerative 
and gangrenous cystitis. It is curious to note that the as- 
cending infection involved only one kidney, perhaps dependent 
in part on the animal’s position in the cage. There is not an 
extreme grade of albuminuria, considering the lesions present 


in the bladder and one kidney. 


Doa C-80. 

5-24-12. Young dog, female, collie, weighs 11.3 kilos (25 lbs.), 
in excellent condition. 

Operation Under ether, dilated the vagina, eatheterized 50 cc. 
of urine and irrigated the bladder with 100 cc. of 1 per cent silver 
nitrate solution in water for 5 minutes. Washed bladder with 50 
cc. of water immediately after. 

5-29-12. Animal weighs 11.3 kilos (25 lbs.); is not very active 
but in good condition otherwise. Gave 700 cc. of water by stom- 
ach tube. Diuretic time 45 minutes. Washed bladder as described, 
and collected urine. 

5-30-12. Gave 300 ec. of water by stomach tube and washed 
bladder in usual manner. 5 ce. of urine collected at end of 12 
minutes after washing, and 11 cc. additional at end of 15 minutes. 

6-10-12. Animal normal and urine negative. 


Summary, Dog C-80.—This experiment is of considerable 
interest in several respects. The chemical irritant (silver ni- 
trate) assuredly caused a slight grade of cystitis, but this 
alone did not bring about a definite albuminuria during the 
period of observation. But when this irritated bladder mucosa 
was further stimulated by irrigation and catheterization, al- 
bumin appeared in the urine within a few minutes and in 
appreciable quantities. This albumin appeared during active 
diuresis and was obtained from a washed bladder. This 
prompt reaction can be explained only by some nervous re- 
flex. In some instances, in normal dogs catheterized and 
irrigated for the first time, a similar reaction may occur, al- 
bumin appearing in a few minutes. It is possible that this 
reaction will be found to be constantly more marked when 
the bladder has been rendered hyper-irritable by chemical or 
other means. 

It is worth noting, however, that in normal dogs catheter- 
ized for the first time an albuminuria may follow in a few 
hours or minutes. This reaction is not constant, and many 
or perhaps the majority of dogs do not give it. The albumin- 
uria usually persists a few hours, but may last for a few days, 
and this may be dependent upon a slight cystitis induced by 


the catheterization. 
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SUMMARY. 


The causation of a subacute cystitis by means of placing a 
foreign body in the lumen or wall of the urinary bladder is 
followed by an albuminuria of varying degree. The greater 
part of this albumin is derived from the renal secretion, as 
can be demonstrated by collecting urine from the ureter or 
from the washed bladder during diuresis. This renal al- 
buminuria occurs in perfectly normal kidneys and may leave 
no trace of its occurrence in these normal organs, except the 
presence of hyaline casts and the resulting slight dilatation of 
the uriniferous tubules. Catheterization of the ureter without 
bladder irritation will cause no albuminuria. Chemical injury 
of the bladder mucosa may be associated with a reflex al- 
buminuria, and in this irritated bladder some mechanical 
trauma (catheterization or irrigation) may be followed by 
a prompt and marked albuminuria. Further work is needed 
to determine whether this reflex albuminuria is found in 
human cases, but there is no reason to suppose these phenom- 
ena are limited to the urinary tract of the dog. It seems 
pretty clear that in these experiments on dogs we are dealing 
with a true nervous reflex in which stimuli applied to the 
bladder mucosa react with more or less promptness upon the 
renal epithelium and modify its secretory activity. 
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NOTES ON NEW BOOKS. 

A Tert-Book of Practical Therapeutics. By Hospart Amory HARE, 
M.D., ete. Fourteenth Edition. (Philadelphia and New 
York: Lea & Febiger, 1912) 

It is a pleasure to welcome the new edition of this excellent 
work, one which has proved itself eminently satisfactory to a 
very large number of students and general practitioners. It 
has grown stronger and better since it appeared first twenty-two 
years ago, and the profession should be grateful to the author 
for the careful revision he has given it. It is thoroughly reliable 
and most useful. We congratulate Dr. Hare on its success. 


Landmarks and Surface Markings of the Human Body. By L. 
BaTHE RAwLinG, M.B., B.C. (Cant.), F.R.C.S. (Eng.), ete. 
Illustrated. Fifth Edition. $2. (New York: Paul B. Hoeber, 
1912.) 

This small topographical anatomy is divided into five chapters 
covering the head and neck, the upper extremity, the thorax, 
the abdomen and the lower extremity. Each chapter is furnished 
with the plates necessary to indicate the important markings, 
and the text associated with the plates is so arranged by num- 
bering each paragraph that reference between text and plate is 
easy. For the student whether he intends to be a surgeon or 
general practitioner the knowledge of such topography is all 
essential, and he will find this book helpful in learning his 
human landmarks. 


$2.00 
sent by 


Single copies may also be procured from the BALTIMORE NEWS CO., Baltimore. 




















